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Why? Because quality flavors make quantity sales. 


If you have a flavor problem, we can help you. Experienced flavor chemists at IFF can create a 
flavor exclusively yours . . . suggest ideas for new products. . . improve flavor stability and 
shelf-life. If yours is an established product, IFF flavors can add new zest for renewed 

sales impact. 

And if you are in the international market, IFF can minimize problems of supply. Uniform 
manufacturing and quality control in all of its plants throughout the world assure customers 
that IFF flavors, wherever ordered, remain the same from batch to batch. 


For the flavor that’s sales-perfect for your product, contact IFF. 


FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 
Leading Creators and Manufacturers in the World of Flavor 
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sugars, starches and syrups from PRODUCTS F 
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Flavorful, quality, eye-appealing foods... ee 


WRITE OR PHONE Corn Products for expert technical assistance... 
helpful data on these fine products for the Food Industry: 
CERELOSE® dextrose sugar - REX” and GLOBE® corn syrups - BUFFALO® - 


HUDSON RIVER® and SNOWFLAKE® starches. 
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How Durkee’s Continuing Research Kept Coatings from Turning Gray 


THE PROBLEM: find a better hard butter. Durkee’s 
Technical Research Staff set out to find one. They 
wanted a hard butter that would produce confec- 
tioners’ coatings with better performance char- 
acteristics than existing coatings. Specifically, they 
wanted high gloss retention, greater stability and re- 
sistance to bloom under all temperature conditions. 


THE SOLUTION: methodical. Durkee research went 
to work. Coating after coating was tested in the 
laboratories ... placed in cycling cabinets which 
duplicated shelf temperature changes... checked 
by taste panels... subjected to exact conditions 
encountered in the plant. Durkee even built a pilot 


plant with miniature equipment to simulate actual 
plant conditions. As a result, a hard butter for 
making coatings that met every industry require- 
ment was developed. Durkee named it Paramount; 
confectioners call it “wonderful”. 


THE SIGNIFICANCE: clear. Durkee has been 
researching fats and oils for 40 years—and is still 
hard at it. The development of Paramount is typical 
of purposeful research continually in progress in 
Durkee’s Technical Service Laboratories. Here is 
where we may be able to help you most whenever 
your product or process warrants further attention. 
We'd be glad to help. Just ‘phone us or write. 


DURKEE tecunicat service 


Department FT 


Jamaica, N.Y. Louisville, Ky. 


900 Union Commerce Builiding «+ 
Berkeley, Calif. « 


Cleveland 14, Ohio 
Chicago, til. 
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IN THIS ISSUE- 
TECHNICAL ARTICLES IN BRIEF 


An osmophilie yeast (Torulopsis magnoliae) was isolated 
from 65° Brix concentrated orange juice and tested for its 
ability to ferment high density concentrates at various 
temperatures of storage. The yeast fermented all con- 
centrates employed when stored at 60° and 80° F for 30 
days. It also demonstrated significant growth in 60° Brix 
orange concentrate stored at 40° F for 90 days. Common 
commercial practice has considered 40° F storage suffi 
ciently low to protect 65° Brix orange concentrate against 
spoilage. However, the data in this paper show that if 
. orange juice concentrate becomes inoculated with this 
541). yeast, lower temperatures are necessary for product pro 
tection. (See page 547). 


The industrial way. Arnold H. Johnson. 


The recipient of the Babeock-Hart Award of the Nutri- 
tion Foundation, Ine. presents the efforts that have been 
made to impart keeping quality to milk products, “a line 
of investigation centuries old and still in progress.” 
The essay articulates the major developments that began 
with the leads furnished by Appert and, later on, Pasteur, 
and have continued down the years. Radiation, freezing, 
the use of additives, and the efforts to achieve extended 
keeping quality by drying are passed in review. (See page 


Effect of storage Viability of a yeast in 
temperature orange concentrate Physical measurement Salt diffusion into 
pork muscl 


The viability of a yeast in high density orange concen- 
trates stored at various temperatures. Robert L. Kitchel Curing of ham: A study of sodium chloride accumulation. 
and Martin W. Miller. II. Combined effects of time, solution concentration and 


Call for Nominations—Food Technology Achievement Award 


The IFT Food Technology Achievement Award is given annually to recognize and honor an outstanding food 
process and/or product, which represents a significant advance in the application of Food Technology to food 
production, and which has been successfully applied in actual commercial operation for at least six months but 
not over four (4) years prior to the date of calling for nominations. Insofar as possible, this Award shall be 
personalized by public recognition of the individuals(s) responsible for the achievement. 

The Award will include the following: to the Company or Institution, a bronze Plaque. To the indi- 
vidual(s) judged to have made major contributions to the achievement, either through basic research or develop- 
ment, public recognition at the time of the presentation of the Award, and an engrossed Plaque. 

Nominations for this Award may be made by any member of the Institute of Food Technologists. Each 
member of the Institute is urged to give serious consideration to the nomination of a product or process, not 
necessarily one in which your company is concerned. Each nomination must be in letter form and include the 
following : 


A. Name of Company or Institution. 

3. Name of Product and/or Process. 

C. Deseription of Product or Process. 

D. Statement of reason for considering this a meritorious achievement. 

E. Statement listing individuals chiefly responsible for the achievement 
and their individual contributions. 

Statement indicating the time and extent of commercial utilization. 


NOMINATIONS MUST NOT EXCEED THREE, SINGLE-SPACED, TYPEWRITTEN PAGES. 
Nominations should be sent, postmarked no later than December Ist, to: 


INSTITUTE OF Foop TECHNOLOGISTS 
176 W. Adams Street 
Chicago 3, Illinois 


November Cover. Recipients cf 1960-61 IFT administered fellowships and scholarships are recognized with a place on this 
month’s cover. In the order depicted, they are: General Foods Fund Fellowship: William P. Ferren, Rutgers, The State 
University (renewal); T. E. Hartung, Purdue University; Allen T. Phillips, Louisiana State University, Samuel Cate Pres- 
cott Fellowship: Kenneth W. Lebermann, University of Illinois. Florasynth Fellowship: Steven R. Tannenbaum, Massachu 
setts Institute of Technology. Gerber IFT Undergraduate Awards: Ronald L. Ellerbeck, University of Illinois (renewal) ; 
John C. Bruhn, Michigan State University; John W. Galbreath, University of Georgia; Lynn Williams Higgins, University 
of California, Davis; Tony J. Sinskey, University of Illinois; Susan W. Spring, Ohio State University. Alexander E. Katz 
Scholarship: Maynard R. Johnson, Massachusetts Institute of Technology (renewal). Dodge & Olcott Scholarship: Theodore 
P. Labuza, Massachusetts Institute of Technology. 
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solution volume. H. Kk. Wistreich, R. E. Morse, and L. J. 
Kenyon, 


In an etfort to define the mechanisms involved in per 
meation, the effeets of time, solution volume, and solution 
concentration on sodium chloride diffusion into pork 
musele were studied. Accumulation of sodium chloride 
varied linearly with solution concentration and volume. 
The accumulation value-time relationship was logarithmic. 
An equation correlating the above factors was derived. 
(See page 549). 


Changes in sterilized 
food during low 
temperature storage 


he mine al analys is 


Low temperature handling of sterilized foods. V. Bio- 
chemical changes in storage. Aaron L. Brody, Karakian 
Bedrosian, and C, Olin Ball. 


Results of this study clearly demonstrate that HTST 
processing methods ean give a product which is equivalent 
or superior to conventionally canned product with respect 
to components investigated, and that products processed 
by either method are materially benefited by storage tem- 
peratures below 50° F. There was no evidence to the effect 
that HTST processed products, having an initially higher 
concentration of reactants deteriorated faster than simi 
lar conventionally processed canned products. (See page 


552). 


Study of flow and 
heat transfer 


Evaporation of fruit 
purees for concentrates 


Viscometric behavior in relation to evaporation of fruit 
purees. John C. Harper. 


The performance of a wiped film evaporator in concen- 
trating apricot, peach, and pear purees was investigated 
and the viscosity characteristics of the produets estab- 
lished. It was shown that the viscosity behavior was well 
represented by the equation 
T Ky' 

Over-all heat transfer coefficients correlated well with 
values of K, and performance was found to be much better 
for non-Newtonian fluids than for Newtonians of equiva- 


lent consistency. (See page 557). 


Firm-o-meter, 
McCollum, Asco 


Evaluation of mstruments 


Evaluation of instruments to measure firmness of to- 
matoes. A. W. Garrett, N. W. Desrosier, G. D. Kuhn, and 
M. L. Fields. 


In a study of the Firm-o-meter, the McCollum, and the 
Aseo Firmness meters, data indicated that the Asco Firm- 
ness Meter was measuring firmness in the same manner as 
the Firm-o-meter. It was also found that the Aseo Firm- 
ness Meter was measuring firmness in a manner similar 
to that determined by compressing the fruit in the hand. 
Flesh firmness of tomatoes as measured by the McCollum 
Firmness Meter was found to be correlated with firmness 
as measured by the Asco instrument. It appears that the 
Aseo Firmness Meter would be a valuable tool in the 
breeding program for fresh tomatoes as well as in a qual- 
ity control program with fresh tomatoes. The MeCollum 
Firmness Meter can be used as a tool in the selection of 


EASILY 
INSTALLED 


Low Cost Water Chlorination with 
Simple and Positive Metering Pump 


Now every dairy farmer and smal! dairy can enjoy the many advantages 


of a reliably safe water supply with positive chlorination at the proper 
level. Costly equipment formerly necessary is now replaced with the 
new moderately priced Klenz-Meter —a diaphragm-type metering pump 
thot provides accurate and precise feeding of Klenzade Liquid Sodium 
Hypochlorite into the water supply line. Assures safe drinking water 
as well as a constant supply of chlorinated wash water for milking 
equipment. 


KLENZADE X-4 Liquid Sodium Hypochlorite 


Supplied in gallon jugs for feeding directly into Klenz-Meter, thence 
into water line. Klenz-Meter can be adjusted to feed from 1 cc per 
stroke upwards to desirable concentration. Low chlorine cost per year. 
X-4 is also ideal, in proper use dilutions, for sanitizing milking equipment. 


WRITE FOR LITERATURE 


)KLENZADE PRODUCTS, INC.” 


BELOIT, WISCONSIN: 
Sanitation ALL OVER THE 
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they’re switching 


to Lake States Torula Yeast 
for an Economical 
Nutrition boost! 


Nutritional Supplements... 
as a component of vitamin- 
mineral mixtures 


Canned Food Mixes .. . pro- 
tein and lysine source for 


baby food 


Seasoning Blends . . . high protein carrier, 
bland flavor 


Institutional . . . ideal additive to high protein, 
low sodium or therapeutic diets 


Pharmaceuticals . . . compatible, edible, nutri- 
tional base 


Lysine Supplement... in cereals, crackers, 
cookies, breads, snack items 
nutritional concentrate of un- 


\ hy ° usually high quality. It has 50% 


minimum of protein, containing all of the essential 
amino acids, and is especially rich in vital lysine. It is 
also a rich and reliable source of B vitamin factors 
and essential minerals such as calcium, iron, phos- 
phorus and iodine. 


Lake States Torula Yeast is a 


A significant content of completely protected, un- 
saturated, fatty acids is another Lake States feature. 
This important nutrient is protected by inclusion 
stabilization and by a natural anti-oxidant which 
occurs in sufficient excess to offer protection to other 
fatty materials in a Torula Yeast containing mix. 


Lake States Torula Yeast is bland in flavor and 
blends well with most products. In many applica- 
tions it also serves as a flavor enhancer. 


Produced from sterile media under vigorous and 
continuous quality control, Lake States Torula Yeast 
assures you purity, uniformity, and stability, plus 
long shelf life. At low cost, it provides the enrichment 
your products need in today’s nutrition-minded 
marketplace. 


To obtain complete information and a liberal test 
sample, write today, stating your application, 


Lake States Yeast and Chemical Division of St. Regis Paper Company 
RHINELANDER, WISCONSIN 
DErT. FT.tt 


Sales Office: 420 Lexington Ave., New York 17, N. Y.; or 
W. Glenn Wunderly Company, 232 North Lake Avenue, 
Pasadena, California; Dillons Chemical Company, Ltd., 
Montreal and Toronto, Canada 


Lake States 


AMERICA’S PIONEER PRODUCER 
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firm fleshed tomato varieties, but due to its characteristics, 
it could not be very handily used in a quality control 
program. (See page 562). 


Microscopic examination Sausage emulsions 


Emulsion formation in finely comminuted sausage. Lev |. 
Hansen. 


A dispersion of fat globules is formed within the protein 
slurry during chopping of finely comminuted sausage. The 
comparatively soft fat is broken up early in the com- 
minution process but the globule size is reduced as chop 
ping is continued. Muscle fibers of a stronger structure 
than fat, constitute the component which determines the 
total chopping required. Fragments of tough connective 
tissue formed by preliminary grinding appear to remain 
unchanged during chopping of sausage emulsions. Total 
chopping time must be sufficient to form a protein matrix 
enclosing the dispersed fat globules. Salt soluble proteins, 
myosin and actomyosin, appear to concentrate at the fat 
globule surfaces and form a stabilizing membrane. It 
excessive temperature rise occurs during chopping, the 
protein matrix may be partially denatured and broken 
giving rise to an unprotected fat dispersion. This permits 
fat separation during smoking and cooking. (See page 
565). 


Peache 


Characteristics of browning enzymes in Fay Elberta free- 
stone peaches. Philip Reyes and B. 8. Luh. 


Enzymatic browning 


In a study of enzymatic browning, the characteristics and 
properties of polyphenolase and peroxidase from Fay 
Elberta peaches were investigated. The determination of 
optimum pH, Michaelis constant, and substrate specificity, 
as well as a study of chemical inhibition of enzyme ac- 
tivity, were made. A pH optimum of 4.6 to 4.8 in citrate- 
phosphate buffer, with guaiacol as substrate, was found 
for peroxidase. In the same buffer, polyphenolase with 
catechol as substrate, exhibited a pH optimum of 5.9 to 
6.3. Michaelis constants of 0.12 M eatechol and 0.010 M 
guaiacol are reported for polyphenolase and peroxidase, 
respectively. Both enzymes act primarily on the orthodi 
hydroxy configuration. The paradihydroxy structure was 
also oxidized by both enzymes, but at a slower rate. 
Neither enzyme exhibited significant activity with the 
monohydroxy and metadihydroxy compounds as sub 
strates. Sodium diethyldithiocarbamate inhibited the ac 
tivity of both polyphenolase and peroxidase. In contrast, 
l-penyl-2-thiourea inhibited peroxidase less effectively 
than polyphenolase. Phloroglucinol, in the concentrations 
used, inhibited peroxidase more effectively than poly 
phenolase. L-Aseorbie and b-isoaseorbie acids were found 
to be equally effective as antioxidants. (See page 570). 


For product 
comparison problems 


Statistical procedure 


A rapid method for determining significance of differences 
from rank sums. Amihud Kramer. 


This procedure is an expansion of one previously reported 
by the author. It is especially suitable where actual values 
are not meaningful—for example, in evaluations of sen 
sory data when, on occasion, it may be more convenient 
to rank series of samples in order of preference or differ- 
ence, The method is based on the expansion of the multi- 
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nomial distribution, using the treatment (t) designations 
as terms of the multinomial, and number of replications 
(r) as the power. The general expression is: (t; + te... 


+ t,)". (See page 576). 


Measuring tenderness Analysis of the meat 
grinder method 


Variations and their causes in the measurement of beef 
tenderness by the electric meat grinder method. ©. M. 
Sehoman, Jr., J. Bell, and C. Olin Ball. 


Of the mechanical methods of measuring meat tenderness 
the best known are those associated with the Warner- 
Bratzler Shear, Penetrometer, Christel Texturemeter, the 
orifice, and the electric meat grinder. This study was con- 
ducted to investigate the eauses of variations in the meat 
grinder method. The principal causes were found to be 
due to changes in the motor temperature, fluctuations of 
line voltage, and the variable friction of the rotating 


grinder elements. (See page 581). 


Antihioti CTC concentrations required 
to inhibit bacterial growth 


In vivo effects of chlortetracycline on bacteria indigenous 
to Gulf shrimp and oysters. Arthur F. Novak, Ernest A. 
Fieger, and Keith A. Stolzle. 


Employment of washes and dips of 5 to 20 ppm CTC have 
been reported to extend the ice storage life of Gulf oysters 
and shrimp for a period of 3 to 5 days, and the results 
reported here show that these concentrations of CTC in- 
hibit growth of most bacteria indigenous to these shellfish 
for a similar period of time when tested in vitro. (See 


page 


Gras chromatography and Bartlett pear 
use of trained panel flavor 


Volatiles contributing to the flavor of Bartlett pears. 
W. G. Jennings, S. Leonard, and Rose Marie Pangborn. 


By processing fresh, ripe pears in a specially designed 
enclosed system, aqueous essences with the typical de- 
sirable aroma of Bartlett pears were recovered. Extracts 
of these were fractionated by gas chromatography to some 
32 fractions. Results obtained with a trained panel indi- 
cate that five of these contributed significantly to the de- 
sirable pear aroma, and perhaps four possessed un- 
desirable aromas. There were indications that copper or 
copper alloys can cause flavor degradation. Results per- 
mitted the gas chromatographic curve to be interpreted 
as a “flavor spectrum” and methods for accurately meas- 
uring the flavor content of pilot batches of fruit were sug- 
gested. Because essence fortifieation markedly improves 
conventional pear purees, processing of cull pears for 
essence recovery might prove economically feasible. (See 


page 587). 


Cleanina enclosed systems Effect of pressure 


Effect of pressure on circulation cleaning. Walter G. 
Jennings. 


By use of a technique employing radioactive soils, it is 
shown that the rate of soil removal by circulation clean- 


SPACE AGE 
FLAVORS... 


With 
that 
Country 
Kitchen 
Taste! 


This is the day of jet-flight and dehydrated 
potatoes; atomic energy and frozen bread; 
super-sonic speed and ‘‘quicker-than-in- 
stant’’ mixes for everything from soups to 
desserts. This is the threshold of the space 
age and the era of convenience foods. 
Flavors for these modern foods must be as 
dynamic as the technology of their formu- 
lation . . . as carefully designed as the 
science that developed them. Yet, these 
space-age foods must still retain that home 
cooked taste. Only a company that keeps 
thoroughly abreast of the newest develop- 
ments in food can give you this kind of 
‘built for the product” flavor. Fries & Fries 
provides you with space-age flavors with 
that country kitchen taste! Let our labora- 
tories show you what dynamic flavor re- 
search means. 
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You can improve your 
preduct amazingly —by 
use of FLAVOREX real 
fruit flavors. Our “‘Low 
Temp” process coaxes 
out and captures the 
very last drop of good- 
ness in the natural fruit. 
Those delicately elusive, 
but important, volatiles 
now are collected and 
entrapped in our real 
fruit concentrates. ..so 


(iy | 


Real Fruit® Flavors... 


WITH THE FUGITIVE 
AROMAS CAPTURED! 


that all the full, rich, 
good taste goes directly 
into your product. 

Available—black rasp- 
berry, black cherry, 
grape,strawberry, black- 
berry, punch, lemon 
and orange—as real 
fruit pure concentrated 
juices. Or with other 
natural flavors for add- 
ed strength. Write for 
samplesand prices today. 


Better Flavors for Better Products 


FLAVORE X co. inc. 


302 S. CENTRAL AVE., BALTIMORE 2, MD. 
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ing is greater at lower pressures, and that the effect is 
linear. Thus, the cleaning efficiency of a circulation sys- 
tem can be increased merely by positioning the recireu- 
lating pump to pull, not push, the deterging medium 
through the area to be cleaned. The probable effects ot 
higher solution temperatures and foaming detergents on 
reduced pressure cleaning is diseussed. (See page 591). 


Fouling Heat exchanger tubes 


Fouling inside heat exchanger tubes. A. I. Morgan, Jr., 
and R. A. Carlson, 


Various conelusions relative to fouling and heat exchanger 
design can be drawn. No considerable steam pressure can 
be used. Therefore ample tube area must be provided for 
any rated performance. Thermally saturated feed must be 
provided at the entrance to an efficient evaporator so that 
boiling oceurs throughout the tubes, which means that 
ample preheaters must be supplied. No high vapor frae- 
tion ean be allowed inside an exchanger tube. An evapo 
rator must include means of removing vapor, such as 
multiple effeets or recirculation. Viscosity should be kept 
at a minimum. Heat exchange should be to a liquid of as 
low solids content and as high temperature as possible. 
(See page 594). 


Roast color of coffec 


Measuring and 
classifying color 


Roasted coffee. Color measurement and classification. 
Ernest E. Lockhart. 


This paper describes a simple, rapid, and precise method 
for measuring the color of roasted coffee, provides a 
graded list of names applicable to colors of roasted coffee, 


and shows the association between the two. Numbers de 
rived from measurement have been correlated with an 
attribute-intensity seale which provides uniform termi- 
nology as a replacement for the wide variety of terminolo 
gies now used by industry. A study of commercial retail 
roasts of coffee revealed a sharp differentiation between 


normal and espresso-type roasts. Regional differences in 
the U. S. A. are not pronounced but Midwestern and 
Western coffees appear to be somewhat lighter than 
Eastern coffees. (See page 597). 


Deh ydrate d-to-fre sh 
ratio ( onions ) 


ood CCOOHOMICS 


Investigation of equivalent weights of dehydrated vege- 
tables in comparison to their fresh conventional counter- 
parts. I. Dehydrated sliced onions. H. R. Ignall. 


The equivalent weight of a dehydrated vegetable com 
pared to its fresh, conventional counterpart must be 
known not only for cooking purposes but also as a basis 
for all logistical ealeulations. Where use of the vegetable 
is extensive, as in large group feeding programs, the ac 
curacy of the ratio assumes vital importance. Such com 
parisons as space-savings, weight-savings, costs, and pro 
curement requirements, among many others, are dependent 
upon this figure. For logistical purposes, an average 
equivalent weight ratio of 1: 5.38 for raw, peeled onions 
and 1:5.98 for raw, unpeeled onions was determined by 
means of a frequency of use table. (See page 601) 
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CALL FOR NOMINATIONS 


The Babcock-Hart Award 


Any member of the Institute of Food Technologists 
may submit a nomination for the 1961 Babeock-Hart 
Award between now and the January 1, 1961 dead- 
line. 

Nominations must be made on the prescribed nomi- 
nation form which may be obtained from the Execu- 
tive Secretary, in order to be considered. 

Donor of the $1,000.00 and engrossed plaque ac- 
companying the Award is the Nutrition Foundation. 
Purpose of the Award is: ‘‘'To honor a person who 
has distinguished himself or herself by contributions 
to Food Technology which have resulted in improved 
public health through some aspect of nutrition or 
more nutritious food.’’ 

A nominee, to be eligible, must have made a tech- 
contribution 
leading directly to a technological development, which 
favorably affects the nutritional well-being of the 
public. Contributions in clinical nutrition and funda- 
mental scientific studies in nutrition cannot be con- 
sidered as qualifying according to conditions estab- 
lished by the Donor. 


nological development, or a_ scientific 


The Nicholas Appert Award 


Any member of the Institute of Food Technologists 


may submit a nomination for the 1961 Nicholas 
Appert Award between now and the January 1, 
1961 deadline. 


Nominations must be made on the prescribed 
nomination form which may be obtained from the 
Executive Secretary, in order to be considered. 

Donor of the $1,000.00 honorarium accompanying 
the Award is the Institute of Food Technologists. 
The Award, originated by the Chicago Section, also 
includes a Bronze Medal which is donated by that 
Section. Purpose of the Award is: ‘‘To honor a 
person for pre-eminence in and contributions to the 
field of Food Technology.’’ 

Qualifying criterion for a nominee includes merely 
the fact that the nominator consider the individual 
so pre-eminent in the field of Food Technology that 
he or she should be acclaimed for contributions there- 
to. This precludes consideration of personality or 
other characteristics outside the field of contribu- 
tions to Food Technology, as these factors may not 
be considered by the Awards Jury in making the 


selection. 


Price $1785. 


Standard 
Aerograph 
110-C 

is complete 
with Brown 
1 mv 
recorder. 


EROGRAPH 


Can Do for You 


New columns and packings have greatly extended 
the usefulness of the Aerograph. It operates to 
300°C with quantitative sample collection. Here 
are some of the many analyses the research chem- 
ist can perform with this economical instrument: 


FATTY ACID METHYL ESTERS—analyzed quantitatively in min- 
utes. With new DEGS Column at 180°C methyl arachidonate is 
reached within 30 minutes. 

TALL OIL METHYL ESTERS—well resolved on 10 foot EGS at 
200°C. Fatty acid and Resin acid methyl esters are quantitatively 
determined. 

FUSEL OILS—are ideally separated on a glycerol column. The 
amazing separation of active and isoamyl alcohol is easily 
accomplished. 

INSECTICIDES —rapidly analyzed in microgram quantities on 
silicone column at 250°C 

PARAFFIN WAX—rapidly and quantitatively analyzed on silicone 
columns at 295°C. C-35 reached in 65 minutes. 

CITRUS OILS, MINT OILS —and other essential oils are efficiently 
separated on 20 foot Craig polyester column. 

CO, MIXED WITH OTHER GASES—CO., 02, N., CH., CO are 
analyzed in less than 6 minutes. 

SUGARS—as methoxy methyl glycosides quantitatively deter- 
mined with Craig polyester. Alpha and beta forms are easily 
separated. 

AMINES AND AMINO ALCOHOLS— aqueous amine solutions di- 
rectly analyzed with minimum tailing with stationary phase on 
Fluoropak. 


Details on these and other analytical procedures appear 
in Aerograph Research Notes. Request your free sub- 
scription and send us your sample for free analysis. 


DEPT. 45 


P.O. Box 313 + Walnut Creek, Calif. + YEllowstone 5-1469 
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flavored 
emulsions 


ORANGE LEMON 
PINEAPPLE LIME 
PINEAPPLE-GRAPEFRUIT 


PINEAPPLE-ORANGE 
CHERRY 


Flavored Emulsions are espe- 
cially designed to meet the exacting 
requirements of food processors. 

Twitchell emulsions enhance the natural 
flavor and aroma of juices, contribute to 
stability, yet actually reduce costs in propor- 
tion to their quantitative amounts. Aroma and 
flavor . . . SO important for customer appeal 

. . are maintained, even after processing. 

TYPICAL USES: 
¢ Fruit Fillings © Toppings @ Icings 
* Purees Juices Beverages Cremes 
Syrups Fondants 


WRITE OR WIRE TODAY FOR SAMPLES 
OR FURTHER TECHNICAL INFORMATION 
ON OTHER FRUIT FLAVORED EMULSIONS 


Deadline for Abstracts 
for Annual Meeting, 1961 
Changed to March 15 


Abstracts for papers to be presented at the Twenty 
first Annual Meeting of the Institute of Food Tech 
nologists (New York, May 7-11, 1961) will be due on 
March 15, 1961, instead of on January 1 as previously 
required. The change to March 15 has been made i 
the interest of giving authors an opportunity to pro- 
gress their work to the point where an abstract will 
reflect the resulting paper more faithfully than has 
sometimes been possible in the past. 

Annual Meeting abstracts should be sent to the 
chairman of the session to which they pertain prior 
to March 15. Session chairmen were announced in the 
September and October issues of Foop TecuNo.Loecy. 


Research Fellowship Available 
at University of Alberta 


A $2,000 to $3,000 research fellowship in dairy 
technology has been announced by the Department of 
Dairy Science, University of Alberta, Edmonton, 
Canada. It will be awarded for the purpose of fur 
thering a study of the mechanical destabilization of 
the milk fat globule. The fellowship, tenable immedi- 
ately, will be for one vear, and subject to renewal for 
two additional years. Annual value of the award will 
range between $2,000 and $3,000, depending upon the 
qualifications of the applicant. To qualify, one should 
be a graduate of a university of recognized stand 
ing, preferably with qualifications in dairy or food 
technology. 

Interested individuals should submit at onee a 
letter of application, enclosing transcripts of univer- 
sity records and two letters of recommendation, to: 
Head of the Department of Dairy Science, University 
of Alberta, Edmonton, Alberta, Canada. 


New Position Open at Clemson College 


A new position of Associate Professor of Food 
Technology has become available on the staff of the 
Department of Food Technology and Human Nutri 
tion, Clemson College, South Carolina. Duties en- 
tailed will inelude both research and teaching. Pre- 
requisite for consideration includes Ph.D. level train- 
ing in food technology. 

Those interested are invited to write: Head, De- 
partment of Food Technology, Clemson College, Clem 
son, South Carolina. 
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Tempting, eye-appeal attains its most potent sales effectiveness with 

Red Seal Colors of unsurpassed brilliance, purity and uniformity. Let 
Warner-Jenkinson produce—and precisely re-produce—the exact colors 

to give your products the greatest possible taste-stimulating attractiveness. 


WARNER-JENKINSON MANUFACTURING CO. 


Manufacturers of Certified Food Colors, Vanillas, Extracts, Flavors 
2526 Baldwin St. . St. Louis 6, Mo. 
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A full-fledged line-operated 
pH Meter of remarkable ac- 


curacy at th 


moderate price of j $175.- 


or bulletin #225 to 


incl. electrodes) 


PHOTOVOLT corP. 


95 MADISON AVE. 


NEW YORK 16, N. Y. 


PRO 
SPRAY 


CTOR 
DRYERS 


are designed with your prod- 
uct and production require- 
ments in mind. Our engineers 
can custom build a Spray 
Dryer for you which will give 
years of trouble-free produc- 
tion... high production of a 
quality product at minimum 


cost. Our engineers will consult 
with your product development 
group ... run tests on our test 
equipment . . . and recom- 
mend a spray drying instal- 
lation specifically designed to 
solve your particular problems. 
Write for Bulletin #442. 


PROCTOR & SCHWARTZ, INC. 


Philadelphia 20, Pa. 
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IF'T News 


W. NEW YORK 


An all-day meeting of the Western New York See- 
tion was held Thursday, October 6, 1960, at Jordan 
Hall, New York State Agricultural Experiment Sta- 
tion, Geneva, New York. The Program consisted of an 
address by Dr. Donald W. Barton, Director of the Ex- 
periment Station at Geneva, N. Y., a tour of the new 
Food Research Building, a luncheon speech by Dr. 
David B. Hand on ‘‘ Areas for Expanded Research in 
the Department of Food Science and Technology,”’ 
and talks by Dr. J. F. Perkins, Flavor Division, Fir 
menich, Ine., New York City (‘‘Synthetie Flavors’’ 
by Dr. C. Q. Lipscomb, Food and Drug Administra- 
tion, Buffalo, New York, and by Mr. N. D. Pintauro, 
Jell-O Division Laboratories, General Foods Corp., 
Tarrytown, New York, on ‘‘ Nutritional Modification 


of Processed Foods.’’ 


BLUEGRASS 


Dr. I. J. Hutchings, President of the Institute of 
Food Technologists, addressed the Bluegrass Regional 
Section on ‘* Present Trends and Predieted Develop 
ments Involving Food Additives,’’ at a dinner meeting 
attended by nearly four dozen people on Sept. 13. 
ile emphasized the serious problems faced by food 
technologists in insuring that ingredients used comply 
with the law as written. He challenged his hearers 
to prepare for the possible alternatives that may occur 
March 1, 1961: Probable further extension to be pro 
vided by yet to be taken Congressional action or the 
possible elimination of many important ingredients 
necessitating subsequent changes in formulae while 
awaiting the results of scientific work, tedious and 
protracted, to establish the individual safety of each 
item. 

Appear on WHAS. The following morning Doctor 
Hutchings and Dr. William J. Shannon, chairman of 
the Bluegrass Regional Section, were interviewed 
Phyllis Knight over her popular program, ‘*Small 
Talk,’ beamed at homemakers by Louisville’s radio 
station WHAS. They had an opportunity to answer 
questions about food and food technologists and the 
work that is done to insure a safe and nutritious food 
supply. 


Bluegrass membership diversified. Membership of 


the Bluegrass Regional Section includes several fac- 
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GAU LIN G.T. BE 


Gaulin Technical Assistance 


Try Particle Control in 
Your Plant... Rent a 
Gaulin Laboratory Homo- 
genizer for Only $75.00 
Per Month! 

This versatile Machine reduces 
ingredients in your product to 
ultimate particle size . . . Mini- 
mum sample one pint; Ca- 
pacity 15 GPH; Pressures up 
to 8000 psi. Rental costs 
applicable against purchase 


What’s the best method to disperse, emulsify or 
blend? You can get the right answer on the most 
effective method with Gaulin Particle Control. Not 
only will Gaulin Homogenizers improve product uni- 
formity, stop separation, accent taste, speed chemical 
reactions, but they will increase salability of prod- 
ucts and cut costs. 

Take advantage of Gaulin Technical Assistance, 
too. It provides free technical data, experienced 
advice and laboratory analysis. Write for GTA 
Bulletins . . . Homogenizers H-55, Sub-Micron Dis- 
persers SMD-55, and Colloid Mills C-57. 


CO. 


82 Garden Street ae Everett 49, Mass. 


World's largest manufacturer of stainless steel reciprocating, rotary, 


price. Write for Bulletin LH-55. pressure exchange pumps, dispersers, homogenizers and colloid mills. 


World's largest manufacturer 


of stainless steel reciprocating, rotary, pressure exchange pumps 


Ask GTA... 


Gaulin Technical Assistance— 
for data on the complete Gaulin 
line: Homogenizers, Colloid Mills, 
Submicron Disperser, T riplex 
High Pressure Pumps and HX 
Pumps. Get GTA from your 
nearest Manton-Gaulin Repre- 
sentative 
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White Industrial Sales and Equipment Company 
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We go all out 

to help anyone 
who buys vitamin A 
for margarine 
or whatever. 


DisTILLATION Propucts INDUSTRIES 


is a division of 


EasTMAN KopAK COMPANY 


And we're especially fond of people 
who buy our fine Myvax® Vitamin A 


FOOD TECHNOLOGY, NOVEMBER, 1960 


ulty members of the University of Kentueky, Lexing- 
ton, Ky.., where courses are offered in dairy tech 
nology, horticulture, meat processing and animal 
husbandry, and home economics. Other members 
work in the more than two dozen branches of the food 
and beverage industry in the Louisville area. They 
are engaged in research, quality control, new product 
development, new packaging development, micro 
biology, equipment development, and process develop- 
ment. This diversity of professional interests within 
the general area of food science and technology will 
provide for this region a liaison of secientifie and tech- 
nical interests of great value to the food industries of 
the area and to the Bluegrass membership as well. 

On Oct. 24 the Section heard Mr. E. B. Kennedy, 
director of economie development for the Common 
wealth of Kentucky, on the ‘** Economie Opportunities 
In, and the Future Of, the Food Industry in Ken 
tucky’’—a talk that gave us new perspectives on 
‘food futures.’’ Meetings also are planned for Nov. 
10 and Dee. 6. 

H.W. Putnam 


FUTURE MEETINGS FOR 
FOOD TECHNOLOGISTS 


November 12-19 Fifth Pan-American Congress of Pharmacy 
and Biochemistry, Santiago, Chile. (For in 
formation address Senor José Pérez Molina, 
Secretary, Box 6084, Santiago, Chile). 


November 13-14 Food Technology Short Course, University of 
Tennessee College of Agriculture, Knoxville, 
Tennessee. Technical Advances in Utilization 
and Disposal of Wastes will be diseussed 


1961 

February 2-3 Statistical Quality Control and Instrumenta 
tion Workshop for the Food Industry co 
sponsored by Institute of Food Technologists, 
Western New York Section, and N.CL.A.) Cor 
nell University, Ithaca, New York. 

February 28) Ninth Annual Dairy Engineering Conference, 

and Mareh 1 Michigan State University, East Lansing, 
Michigan. 

May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 
York, New York 

May 15-18 Fourth International Congress on Canned 
Foods, Berlin, Germany for information, 
address M. Henri Cheftel, J. J. Carnaud & 
Forges de Basse Indre, 71 Avenue, Edouard 
Billancourt, Seine, France). 


1962 


June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 


1963 


May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editoria] Office, 11606 South Bell Avenue, Chicago 43, 
Ilinois notices of annual or national meetings of interest to food 
technologists. 
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After and before 


Look at these two dishes of “instant” mashed potato. 


There is only one difference between them. 

The one on the left contains 4% of 1°, of Myverol Dis- 
tilled Monoglyceride, Type 18-00.* It looks, tastes, and 
feels to the palate like just-mashed potato. The one on 
the right, with no monoglyceride, is a sticky, pasty mess. 

No one will be offended by this comparison because 
as far as we know there is very little, if any, instant 
mashed potato on the market that does not contain 
monoglyceride. Monoglyceride is one big reason why 
the instant mashed potato idea has been such a success. 

Since all the instant-potato producers must know this 
already, why do we spend money advertising to them? 


Ah, not to them is this ad directed. It is directed to 
producers of other starchy foods who have a stickiness 
or pastiness problem. We want them to understand the 
principle: free amylose, put into solution during cooking, 
is complexed by high-purity monoglyceride so that its 
molecules cannot hydrogen-bond themselves into a gelat- 
Mass, 

Myverol Distilled Monoglycerides are officially recog- 
nized as safe. For samples and information on their 
use, write Distillation Products Industries, Rochester 3, 
N. Y. Sales offices: New York and Chicago « W. M. 
Gillies, Inc., West Coast * Charles Albert Smith 
Limited, Montreal and Toronto. 


Type 18-00 is made from hydrogenated lard. Type /8-07 from 


hydrogenated cottonseed oil 


gives 


exactly the same effect 


distillers of monoglycerides 
made from natural fats and oils 


“1 Also ... vitamin A in bulk 
for foods and pharmaceuticals 


Distillation Products Industries is ¢ division Eastman Kodak Company 
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Processed Meats Seasoned With 


MAGNA CONCENTROLS 


taste better, sell faster because these 
scientific formulations of spice essential 
oils and oleoresins are 100% natural 
flavor obtained from the finest herbs and 
spices. All of the flavor is released im- 
mediately. Your products are uniformly 
seasoned at all times. 


Popular MAGNA CONCENTROLS include: 


BOLOGNA No. 128 

CORNED BEEF HASH No. 146 
FRANKFURTER No. 130 
LIVERWURST No. 112 
SALAMI (Various types) 
SAUSAGE (Various types) 
WIENER No. 153 


Mail us in confidence a sample of any 
dry soluble seasoning and we will con- 
vert it into a MAGNA CONCENTROL and 
send you an ample testing sample with 
instructions for use. No cost or obligation. 


MAGNUS, MABEE & REYNARD, Inc. 


Cossential Oils and Concentrated 
Flavors 


16 Desbrosses Street, New York 13, N. Y. 


EXPANSION NEWS 


Pan-Am Foods, Ine. of Brownsville, Texas, Gulf 
Southern Corporation of Tampa, Florida, and Stand- 
ard Fruit & Steamship Co., of New Orleans, announce 
formation of a new company, the Gulf American Cor- 
poration, 901 Twiggs Street, Tampa, Florida. Mr. 
Michael L. Kuboviak, past chairman of the Mohawk 
Valley Section and currently member of the executive 
committee of the Florida Section, assumes the position 
of Vice President, Research and Development, of the 
new food processing corporation. The firm will place 
emphasis on the development of new banana products, 
and in addition technical assistance will be available 
to processors and manufacturers desirous of adding 
banana products to their present lines. 


A new company, the Hazleton-Nuclear Science Cor 
poration, 4062 Fabian Way, Palo Alto, California, 
was formed September 26 in Palo Alto. It will be the 
West Coast affiliate of Hazleton Laboratories, Inc., 
of Falls Chureh, Virginia, and of Nuclear Science 
and Engineering Corporation of Pittsburgh, Penn 
sylvania, and will offer services which inelude: 
analytical chemistry; biochemistry; radio-chemistry, 
including low level radio-isotope assay ; radio-biology ; 
organic synthesis; toxicology; pharmacology; ento- 
mology ; radio-isotope techniques, including industrial 
and agricultural trace application; decontamination 
and disposal techniques; and activation analysis. The 
organization will also provide consulting services in 
the food and drug, industrial hygiene, pesticide use 
and radiation control fields. 


The merger of two Pacific Coast food processing 
companies, Nalley’s, Inc. of Washington and IXL 
Food Company of California was announced recently 
Both companies will retain their individual identities 
and brands, and will continue to operate with the 
same executives and personnel as they now have 
Nalley’s processes and distributes potato chips, 
pickles, canned meats, salad dressings and table 
syrups. LXL Food Company specializes in Spanish 
and Italian style eanned foods, such as chili con carne, 
ravioli, tamales and lasagne. 


Formation of a Food Division of United States 
Testing Company, Hoboken, New Jersey, to provide 
testing, research and development, analysis and 
product evaluation services for the food, beverage and 
confection industries has been announced by A. L. 
Brassell, President. Dr. Dean Foster has been ap- 
pointed manager of the new division. Materials, 
products and processes under jurisdiction of the Food 
Division inelude: edible or potable agricultural or 
chemical raw materials; formulations; processing 
equipment and effects; packaging materials and de 
signs; flavor, color and extending additives; process- 
ing and preserving agents; pesticides and = anti- 
microbial agents, and all conditions affecting final 
quality and shelf life. 
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THE PACKAGING ENGINEER 


When packaging developments need the broad approach 


Continental customers get them first 


The packaging engineer at Continental’s Metal Division 
Research and Development Center is a highly trained 
scientist. His years of contact with many technical 
disciplines enable him to take a broad scientific 
approach to the practical problems of the canner. 
Given any product, the packaging engineer estab- 
lishes its technical packaging requirements and the 
factor of cost. He directs any problems of container 
materials, structures, or unusual product requirements 
and process characteristics to appropriate teams of 
chemists, metallurgists, engineers, physicists or other 
scientists for development work. Finally, he evaluates 


Cc CONTINENTAL CAN COMPANY 


the findings of these teams, weighing them against the 
customer’s requirements. Thus the packaging engineer 
is both the first and last man to handle a packaging 
assignment. 

In his work as packer’s representative, the packaging 
engineer utilizes his broad knowledge of product and 
process technology, package design and manufacturing 
methods, as well as his past acquaintance with the 
customer’s special needs. 

As a Continental customer, you can be sure that the 
best in scientific manpower, facilities and equipment 
are always working in your behalf. 


Eastern Division: 100 E. 42nd St., New York 17 
Central Division: 135 S. LaSalle St., Chicago 3 
Pacific Division: Russ Building, San Francisco 4 
Canadian Division: 790 Bay St., Toronto 1 
Cuban Office: Apartado 1709, Havana, Cuba 


CONTINENTAL SCIENTISTS WHO WORK FOR YOU 7 
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IMITATION RASPBERRY BY FIRMENICH 


You get the direct and authentic reproduction of raspberries in their full 
perfection in Raspberry Flavor by Firmenich. For Firmenich took fully ripe 


raspberries, freshly severed from the stem, captured their delicate and fugitive flavor, 


and by original research reconstructed it with all its significant and desirable components. shied stad aber’. and vein ¢3 


Firmenich Raspberry comes to you as a precise and potent flavor material 
of the utmost purity and stability to enhance the flavor of your products and 


to give them greater sales appeal. Samples and technical data on request. 
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The Industrial Way” 


To HAVE BEEN SELECTED to receive 
the Babcock-Hart Award this year is a great honor. | 
wish to express my appreciation to the Nutrition 
Foundation, which makes this award possible year by 
year, and to the Institute of Food Technologists, which 
administers it. As one contemplates the work of Bab- 
cock and of Hart, it is easy to sense why it was thought 
proper to identify their names with an award in food 
technology and in nutrition, recognizing as it strives 
to do, contributions to science or to technology that 
have been put into actual production on a large seale 
and that have actually resulted in an influence on 
better nutrition. It is an honor of special significance 
to me since I have worked in the same fields as did 
Babcock and Hart 

In my presentation today I might have chosen to 
diseuss some continuity of their work. Babeock is 
probably best known for the development of the fat 
test which bears his name. His procedure remains 
little changed. This bespeaks the thoroughness with 
which the work was done. Certainly there have been 
many efforts to modify the test or to apply different 
principles for the determination of fat in milk, but no 
more acceptable method has been found ‘‘to determine 
rapidly the intrinsic value of milk.’’ In commenting 
on this, in March of this year, Elvehjem (2) said *‘I 
am sure that Dr. Babcock would laugh if he knew we 
were still using fat to measure the nutritional value 
of milk in the light of more modern developments.’’ 
The inclusion of protein as a possible factor in deter- 
mining the value of milk was recognized long ago; in 
fact, by Hart himself. However, the Babcock method 
still remains the official method for determining the 
market value of milk. Ineidentally, in the Nether 
lands both fat and protein are measured in assigning 
a value to milk. 

I might also have chosen to discuss a continuity of 
some of Hart’s work as it has developed in our labora 
tory and the laboratories of the industry. When Hart 
in 1902 returned to the New York Experiment Station 
in Geneva from his studies with Kossel in Heidelberg, 
he and Lucius Van Slyke began a study of the changes 
that take place in the milk proteins during the ripen- 
ing or aging of chese. They established the relation 
between the solubilizing effects on casein, of enzymes 
originally present in the milk, of those elaborated by 
organisms used as cheese starters, and of those added 
with or as rennet. They identified the amino acid 
fractions as they changed in the ripening of the 
cheese. While Hart was engaged in amino acid frac- 
tion analysis for many years, he recognized early that 
protein breakdown products were not wholly responsi- 


"The Babeoek-Hart Award Address, delivered at the Twen- 
tieth Annual Meeting, San Franeiseo, California, May 17, 
1960, 


541 


Arnold H. Johnson 
Babcock-Hart Award Recipient, 1960, | 
National Dairy Products Corporation, : 
Research and Development Division, 
Glenview, Illinois 


ble for cheese favor, and that a substantial portion of 
the flavor was due to products resulting from fat 


hydrolysis. In spite of work on this problem, extend- 


ing to the presen we have not come much beyond this 
point in elucidating the mechanism of cheese ripening. 

I might also have chosen to discuss today food tech- 
nology in a changing world, or more specifically, dairy 
technology in a changing world. However, Oser (6) 


on a similar oceasion discussed the first subject in 
1958, and Elvehjem (2) as recently as March of this 
year dealt with the latter 

| have therefore selected as the title for my re- 
marks, ‘‘The Industrial Way.’’ In selecting this title, 
I am influenced by having read a few years ago the 
book by Edith Hamilton entitled, The Greek Way. In 
this book the author develops the proposition that the 
Greeks brought into the world a new way of looking at 
things: a new way of looking at life itself. 

Now I am not going to present a great new truth 
to you this afternoon. However, since the greater part 
of my career has been spent in dairy research, it is 
natural that I should select for discussion a problem 
of that industry. The perishable quality of milk 
vitally affects all phases of the industry. Successful 
development of a nonperishable sterile milk would 
have profound impact on the processing, distribution, 
marketing and consumption of milk. The ideal sterile 
product is generally conceived as one of maximum 
practical concentration for economy of packaging, 
storage and shipping which would maintain its qual- 
itv in unrefrigerated storage and duplicate the taste 
of fresh market milk upon reconstitution. I will, 
therefore, present the efforts that have been made to 
impart keeping quality to milk products; a line of 
investigation, centuries old and still in progress, in 
which fortuitous circumstance, chance observation, 
dairy produet processors, food technologists and scien- 
tists of the greatest skills have all had a part. My part 
has been the industrial way. I reconcile the im- 
portance of all these contributors to the developing 
technology by a quotation from Samuel Johnson, 
‘‘The philosopher may be delighted with the extent 
of his views, the artificer with the readiness of his 
hands, but let the one remember that without mechani- 
eal performance, refined speculation is an empty 
dream and the other that without theoretical reason- 
ing, dexterity is little more than brute instinet.”’ 


IN RETROSPECT 


Man observed centuries ago that the milk of mam- 
mals was good for himself and his children. We are 
all familiar with the story of Romulus and Remus and 
the she-wolf in the marshes of the Tiber. Recognizing 
that milk was a unique food, man has throughout his- 
tory sought to have it available in some form at all 
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times. By trial and error, curd or cheese came to be 
the form in which milk could be stored in the warm 
countries because the milk soured and curdling took 
place before the cream could rise. In the northern 
countries, on the other hand, the cream separated by 
gravity and could be skimmed from the surface. 
Butter made from this cream accordingly became the 
form in which dairy products could be preserved. 
Thus, in Ireland, hogsheads of butter were buried in 
bogs for later use as needed for essential food, and 
also as a means of storing wealth. 

The drying of milk to preserve it for later use is 
first mentioned in the writings of Mareo Polo. On 
returning to Venice in 1295 he reported that the sol- 
diers of Kublai Khan, the Mongol Emperor, carried 
with them in their wars a dried milk prepared by 
drying the liquid on hot stones in the sun. It is in- 
teresting that the invention of gunpowder in the 
middle of the 14th century gave considerable impetus 
to the advancement of dairying and the livestock in- 
dustry. By the use of gunpowder, wild animals, 
especially those used for food were rapidly hunted 
down, and domestic animals had to be raised to sup- 
plement the depleted meat supply. 

Coming now to relatively modern times, we find 
that Nicholas Appert, whom we honor each year, pre- 
pared dry milk in tablet form by drying a doughlike 
concentrate in a current of dry air. Appert was en- 
couraged in his investigations on both concentrated 
and dried milk products by the prize of 12,000 franes 
offered by the French Government to anyone who 
could find a satisfactory method of preserving food. 
His experiments were begun in 1795 when France 
under Napoleon was fighting most of the other na- 
tions in Europe. Need for transportable food for the 
farflung French armies had prompted the govern- 
ment to offer this prize. The French Marine Depart- 
ment made use of milk produced by Appert’s process 
in provisioning its warships. It is remarkable that 
Appert knowing nothing about bacteria came to the 
conclusion that food cooked and sealed and cooked 
again would remain in good condition. It remained 
for another Frenchman, Louis Pasteur, to repeat 
Appert’s work about 50 years later, working first with 
wine and later with milk to demonstrate the mecha- 
nism of bacterial spoilage. 

Following, and to some extent contemporary with 
the work of Appert and Pasteur, there was great ac- 
tivity on the part of inventors, perhaps we should call 
them food technologists of the day, to impart keeping 
quality to milk by some type of processing. By the 
end of the 19th century procedures had been de- 
veloped for concentrating and drying milk. The most 
successful of these processes and the first to achieve 
acceptance as a product of industry, involved the 
addition of sugar to the concentrated milk product. 
Again, war played a leading part in the development 
of this product. Thus, sweetened condensed milk be- 
came the form of milk supplied to the Northern Army 
during the Civil War. Its success in a time of emer- 
gency established sweetened condensed milk as a regu- 
Jar product of industry. It required another war, the 


Spanish American, to establish the dependability of 
evaporated milk as a safe, sterile, transportable, con- 
centrated milk. However, not until after World War 
I, in which this product supplied the need for milk to 
the armed forces of the United States and its allies, 
did a substantial industry develop. Thereafter, this 
product achieved world-wide use on a consumer basis. 

In the meantime, progress on the drying of whole 
milk was far from satisfactory. Fleischmann (3), an 
eminent German dairy scientist of his time, observing 
the poor keeping quality, the unpalatability, the in- 
solubility, and the denatured condition of the protein 
of dried whole milk, and commenting on what he must 
have conceived as a crucial test, wrote ‘‘As a result 
of this failure, the question whether it is possible to 
produce a marketable product worthy of the name 
milk by dehydrating milk and reconstituting the re- 
sulting mass, is thus answered conclusively and for 
all time.’’ This was the situation in the early 20th 
Century. I mention Fleischmann’s work primarily to 
highlight the problems, some of which still exist, at 
least in part. The difficulties of converting whole milk 
to a satisfactory dried product soon caused efforts in 
drying milk to be directed primarily to skim milk and 
not until World War II did the situation change sub- 
stantially. Then great effort was made by our own 
research group as well as others to develop procedures 
for producing a satisfactory whole milk powder. Thus, 
from 1939 to 1945, production of dried whole milk 
increased from 25 million pounds to about 217 million 
pounds per year, more than 800°. By 1959 produe- 
tion had fallen to about 97 million pounds. 

But I am getting ahead of my story. Heated milk, 
soon to be called pasteurized milk, was practically un- 
known before the first years of the 20th century, 
unknown at least as far as the milk-consuming public 
was concerned, The heating of milk was considered a 
deceitful procedure as it delayed souring, a character 
istic of fresh milk. Probably no subject outside of 
religion and politics has been the cause of more pro 
longed and bitter controversies than the proposed com- 
pulsory pasteurization of milk. Gradually, however, 
heated or pasteurized milk was offered to the public, 
first at special milk stations and then as a routine 
product. Thus, in New York, pasteurized milk was 
available at milk stations and dispensaries as early as 
1889 but pasteurization did not become a commercial! 
process until 1898. Chicago in 1908 became the first 
city to require compulsory pasteurization of all milk 
except that produced by tuberculin tested cows. 

Thus, by the early years of the 20th century, certain 
inventions had been made and certain technologies 
were beginning to be applied that were to convert the 
relatively ‘‘eottage’’ industry of that day to the 
highly technical and specialized industry of the 
present. Chief among these developments were the 
invention of the cream separator by the Swedish engi 
neer, DeLaval, in 1879, the imparting of keeping qual 
ity to milk by heat treatment resulting from the work 
of Pasteur in 1864, and the butter fat test as a method 
for rapidly assigning intrinsic value to milk an- 
nounced by Babeock in 1890. In the years to follow, 
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many other scientific and technological developments 
have contributed to the growth of the dairy industry. 
From 1900 to the present, milk production itself prac- 
tically doubled, that is, increased approximately from 
63 billion to 125 billion pounds per year. Improved 
forages, improved feeding practices and improved 
breeding programs are in part responsible for the 
increased production as doubling in production oe- 
curred with less than 50% inerease in number of milk 
cows. Other technological factors responsible for the 
growth of the industry are the proven value of milk 
as a superior source of food, convenient packaging, 
the development of mechanical refrigeration, rapid 
transportation from farm to processor and consumer, 
the adaptation of stainless steel equipment to the 
fabrication of dairy processing equipment, the de- 
velopment of homogenized milk, and the introduction 
of vitamin D into milk. These have been some of the 
more important developments. Fach would make a 
fascinating story. In toto, they have operated to make 
dairying in its broadest sense our largest agricultural 
enterprise. In 1958 farmer income from dairying was 
6.4 billion dollars and the consumer spent 16% of the 
food allowance for dairy products. In reviewing the 
nature of the dairy enterprise, Sheuring has stated 
that dairying has truly become ‘‘a business giant that 
exerts a great influence upon the economic, nutri- 
tional and political welfare of people all over the 
world.’’ As I have said, milk production in 1958 
amounted to 125 billion pounds which went into the 
numerous products of the industry but of which 48% 
was consumed as fluid milk. 

It is no wonder then that saving the milk supply 
has been a concern of mankind for many centuries. 


IMPROVING KEEPING QUALITY 


From the research scientist’s point of view, the 
problem of improving keeping quality may be said 
to be ‘‘a many spendored thing.”” Many phenomena 
are operative, the effects of which vary depending on 
whether the dairy product is fluid milk, concentrated 
milk or dried milk. Bacterial action; enzyme action ; 
fat oxidation per se or catalyzed by contaminants, 
such as, copper; protein-lactose interaction ; caleium- 
or eation-protein interactions: heat effects ; insolubili- 
zation of protein; viscosity changes and other bio- 
chemical and organoleptic changes not yet identified 
may be involved. Many of these reactions and the 


processing procedures bringing about organoleptic 


change have for years occupied the attention of our 
own laboratory as well as other dairy research 
laboratories. 

Pasteurization as originally applied to milk had as 
its main purpose the improvement in keeping quality, 
quite apart from its later compulsory use to provide a 
safe food. Probably because control instrumentation 
was not available in the early 1900’s, high-tempera- 
ture short-time procedures were abandoned for long 
time procedures; for example, 143° F for 30 minutes. 
Retaining of the cream line and prevention of cooked 
flavor were also requirements for the acceptable pas- 
teurization procedures. As equipment and instrumen- 


tion became available, there was a return to the high- 
temperature short-time procedures originally tried 
and now almost universally used especially in large 
plants. A usual procedure is to hold the milk for 
17 seconds at 163° F. In Europe, a process known as 
Stassanization ealls for heating the milk at 167° F for 
15 to 16 seconds under slight pressure. This treatment 
under pressure prevents loss of carbon dioxide from 
the milk and is claimed to yield a milk retaining more 
completely its original properties. 

It. is apparent that milk may be subjected to many 
combinations of temperature and time to effect pas- 
teurization or even sterilization. Such procedures 
bear such names as UHT (ultra high temperature) or 
VHT (very high temperature) treatment. In Switzer- 
land, a process known as Uperization involves heating 
deaerated milk with jets of deaerated steam to bring 
the temperature to 303 to 320° F for 0.75 seconds, 
followed by aseptic canning. 

In the United States, Stewart and coworkers (8) 
have deseribed a process by which milk is deaerated, 
sterilized, cooled, oxygen added to react with the re- 
ducing substances formed by the sterilizing treatment 
and aseptically canned. 

Maintaining keeping quality involves more than 
bacteriological stability. Thus, referring to pas- 
teurized milk, milk of the highest sanitary quality 
appears most often to be plagued by development of 
oxidized flavor. The consumer usually designates this 
flavor as cardboard, the Germans as sandpaper flavor. 
Milks differ in their susceptibilty to the development 
of this flavor. In addition, the problem is seasonal. 
Since milk of the highest sanitary quality is often the 
most susceptible, it would appear that raw milks of 
higher bacterial count have their oxygen lowered by 
the action of bacteria, hence, oxidation of milk fat 
cannot occur. 

It was found that very small amounts of copper in 
the milk catalyzed the development of the flavor. For 
this and for other reasons, different metals than cop- 
per and copper alloys were sought to be used in the 
fabrication of dairy equipment. When our laboratory 
was established in 1929, oxidized flavor and proper 
metals or alloys for dairy equipment were con- 
sidered most pressing problems. Shortly, chromium- 
containing stainless steel became the alloy of choice. 
It was necessary for us to establish by animal feeding 
experiments that milk in contact with chromium- 
containing metals was safe, even though no chromium 
could be found dissolved in the milk. 

Another development in which our laboratory 
played a leading part Was that of homogenized milk. 
Fortuitously, homogenized milk is less susceptible to 
the development of oxidized flavor than the un- 
homogenized product. In fact, addition of homoge- 
nized milk to regular milk operates to prevent a cer- 
tain type of oxidized flavor development in the - 
blended product 

Homogenized milk, however, brought with it its own 
peculiar problems. Clarification must be accorded the 
product or lei cocyte sedimentation would occur ; pas- 
teurization must be conducted immediately before or 
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after homogenization to prevent the action of lipolytic 
enzymes on the greatly inereased fat interfaces with 
consequent development of rancidity ; protection from 
exposure to sunlight must be provided in order not 
only to prevent development of sunlight flavor but 
also to prevent destruction of riboflavin. Processing 
procedures including packaging and distribution have 


largely solved these problems. 

While Appert and Pasteur were the first to study 
the preservation of liquid foods by moderate heating, 
the value of heat for this purpose was known long 
before their time. Thus, Spallanzini almost a century 
earlier observed that boiling preserved meat extract. 
Boiling also preserves milk, sterilizes the produet. 
The evaporated milk industry is based on such a 
process, that is, heating the concentrated milk in 
hermetically sealed cans to temperatures above boil- 
ing, e.g., 245° F for 15 minutes. In England about 
ten per cent of the fluid milk is sterilized by cireu- 
lating the sealed bottles through boiling water or 
through chambers attaining the boiling temperature or 
higher. Milk processed in this manner exhibits the 
flavor generally designated as cooked. It was natural 
therefore to seek other means of treating milk to 
accomplish not only the effeets of pasteurization, but 
in addition, those of sterilization while still retaining 
unimpaired the properties of the original milk. Vari- 
ous forms of energy have accordingly been applied in 
efforts to pasteurize or sterilize milk. In some cases, 
the new type of energy was investigated by itself, in 
others, the new form of energy plus heat was studied, 
with the thought that a heat treatment not sufficient 
to impair flavor would inactivate enzymes and the 
combined effects of the two treatments would yield the 
desired sterile product. Ball in 1955 (1) diseussed the 
possibilities of such procedures as applied to foods in 
general and was not optimistie that any more satis- 
factory process would be found than heating. 

The Electropure process. Among the first such pro- 
cedure to be tried was the ‘‘ Electropure’’ 
which the milk is passed between carbon electrodes 


process in 


connected with a source of low frequeney electric 
current. Milk has poor electrical conductivity so that 
heat is produced on passage of the current between the 
electrodes. It was once thought that the eleetrie eur- 
rent had some specific lethal effect on the bacteria. 
Now it is known that heat arising from the process is 
alone responsible for the bacterial destruction. The 
Electropure process enjoyed some success in this coun- 
try and in Europe, and was no doubt the forerunner 
of the high-temperature short-time process develop- 
ment which has completely displaced it. 

Subjecting milk to high pressures and then sud- 
denly releasing the pressure has also been investigated 
as a possible method of sterilizing milk. Thus, when 
milk is put under pressures of 10,000 atmospheres and 
the pressure suddenly released by expanding the com- 
pressed milk into a vacuum, there is a substantial re- 
duction in bacterial count. However, no combination 
of acceptable temperature and pressure manipulation 
has yet yielded a satisfactory sterile milk. 


Another process that is being studied now is a com- 
bination of heat treatment and centrifugation with 
the thought that high speed centrifugation would 
remove types and numbers of bacteria so that a heat 
treatment comparable to pasteurization would yield a 
sterile or near sterile milk. Such a process will no 
doubt yield a product of lower bacterial count but the 
milk is not likely to be sterile. 

Ultrasonic energy. Ultrasonic energy has also been 
applied to milk. By intensive irradiation continued 
for sufficient time, it is possible to sterilize milk by 
this procedure. Bacterial destruction appears to be 
due to two phenomena; ultrasonic energy converted 
into heat, and disintegration of bacterial cells by the 
treatment. Ultimate evaluation of this process awaits 
development in the industrial way. Incidentally, 
ultrasonic treatment also operates to homogenize the 
milk. 

The Hofius process. Another procedure used in ex 
tending the keeping quality of milk is that known as 
the Hofius-Richter or Hofius process (5). This process 
involves subjecting the milk to increased pressures of 
nitrogen or oxygen, particularly the latter, pressures 
between 2 and 10 atmospheres being used. By a ecom- 
bination of heat treatments and oxygen pressures, the 
keeping quality of milk may be significantly extended. 
This process has found application particularly in 
Germany, but again, a sterilized milk of beverage 
quality has not been forthcoming. 


IRRADIATION 


In the course of the years, milk has been subjected 
to various types of irradiation. Ultraviolet irradi 
ation, including mereury resonance irradiation, has 
been extensively studied and the wavelength that is 
most effective for destruction of bacteria established 
at 2600 A. Because of the low penetrating power of 
ultraviolet in milk, it is necessary to expose the total 
mass on a thin surface or to accomplish the same 
result by creating turbulence in a long quartz tube in 
order to obtain bacterial destruction. It is also neces- 
sary to irradiate the milk in the absence of oxygen to 
prevent the formation of ozone which causes off- 
flavor development. An experimental plant making 
allowance for these factors has been constructed in 
Germany. Its efficency remains to be determined. 

Milk has also been sterilized by x-ray treatment. 
However, even with high voltage equipment, the time 
required to sterilize is so considerable, that it is diffi- 
cult to envisage this method of treatment as being 
practical. 

lonizing radiations have been studied extensively 
for their lethal effects on microorganisms. The late 
Doctor Proctor and his associates addressed them- 
selves particularly to studying the effects of ionizing 
radiations on milk (4), using intensities of gamma 
irradiation sufficient to yield a practically sterile milk. 
Milk was chosen for their studies because such irradi- 
ation resulted in the strongest and most undesirable 
off flavors that they had yet encountered. Accordingly, 
any progress that was made in studying this food 
could be applied with greater hope of success to other 
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foods. An irradiating procedure was developed which 
increased the volatility of the off-flavor complex or its 
precursors so that milk or milk concentrates could be 
sterilized by cold sterilization to yield a product free 
of detectable off flavors. This is a great step forward. 
[It would appear that the work needs adaptation to 
the industrial way. 

High velocity electrons or cathode rays, capable of 
destroying bacteria with high effectiveness have also 
been used in the irradiation of milk. However, side 
reactions take place which affect adversely the palata- 
bility of the product. Perhaps the same procedures 
used in working out similar problems in the ionizing 
radiation of milk would yield promising results when 
applied to cathode ray sterilized milk. 

Radio frequency pasteurization has also been 
applied to milk. The mechanism here is actually re- 
sistance heating just as for the Electropure process, 
with the difference that the electrodes do not need to 
be in contact with the milk. Milk can be heated very 
rapidly to a given temperature by this process. It is 
not definitely known whether the bactericidal effect is 
due entirely to the heat generated or to the heat plus 
other effects. The process requires further exploita- 
tion to establish its practicability ; again, if you please, 
the industrial way. 


FREEZING, USE OF ADDITIVES, AND OTHER 
EXPERIMENTAL APPROACHES 


Microbiological deterioration of milk can of course 
be prevented by freezing. However, a number of other 
deteriorative changes take place in stored frozen milk. 
The most important are the development of an oxi- 
dized flavor and the denaturing of the protein. The 
first of these is evident by taste and the latter by 
unsightly flecks on the glass containing the milk. De- 
velopment of oxidized flavor can be minimized by 
addition of ascorbic acid and a high heat treatment, 
denaturation of protein by addition of sodium citrate 
before freezing. Although milks modified in this way 
were investigated for use by the Navy, such products 
were never produced in substantial quantity. 

It would be surprising indeed if ‘‘additives,’’ and 
| pause on use of the word, had not been used in efforts 
to extend the keeping quality of milk. I will mention 
a few of the types of ‘‘additives’’ that have been con- 
sidered. Subtilin was suggested as a possibility and 
other antibiotics have also been tried. The work, how- 
ever, was primarily exploratory in character. Mena- 
dione, that is, vitamin K, was reported a few years 
ago to retard souring and to inerease by 20% the 
keeping quality of the pasteurized milk when this 
material was fed to the cow. This result has not been 
confirmed. Hydrogen peroxide was added to milk in 
Italy just after the war and before adequate pasteuri- 
zation facilities could be installed, the hydrogen per- 
oxide ultimately disappearing due to action of milk 
catalase. Salt adjustment in evaporated milk is well 
known, phosphates and citrates being used to impart 
stability to the product during sterilization and subse- 
quent storage. Some antioxidants have been tried and 
others will no doubt be sought to prevent oxidation 


changes in milk. For dried milk products, particu- 
larly dried whole milk, surface active materials may 
have a place in imparting dispersibility to the product. 

| know that I have not mentioned, to say nothing 
of having described adequately, all the processes that 
have evolved in efforts to impart keeping quality to 
fluid milk. I do hope, however, that | have given you 
some idea of the scope of the effort. 

From the standpoint of economy of transportation 
and distribution, it would be desirable, of course, to 
have sterilized milk in a more concentrated form so 
that the housewife could reconstitute it and obtain 
Hence, evaporated milk 
since its invention by Gail Borden and its later 


milk of beverage quality 


acceptance as a consumer product, has been subjected 
to steady and sometimes intense experimentation, 
even as it is today. While significant improvement has 
been made, the product has still not achieved beverage 
quality. The main problem is to sterilize without im- 
parting cooked flavor to the produet 

Vigorous agitation of the milk in the ean during 
sterilization certainly helps and so also does aseptic 
canning. Periodically, the Government sponsors a 
Milk Concentrates Meeting at which-the best products 


of industry and research are evaluated. Progress was 
last reported in March of this year. The products 
demonstrated were not, I am sure, good enough to 
satisfy the American palate, accustomed as it is to 
fresh pasteurized milk 

The heated flavor of evaporated milk is attributed 
largely to the sterilizing step in the manufacturing 
process and not to the concentrating step. Freezing 
the pasteurized concentrated milk without sterilizing 
it, appeared, therefore, to be a promising procedure. 
| have already mentioned the problems encountered in 
the freezing of ordinary fluid milk. In frozen concen- 
trated milk, difficulties with protein denaturation are 
accentuated. If the milk can be held frozen at 

20° F., it will keep fairly well. At the freezing tem- 
peratures more generally available, i.e., 0 to +5, there 
results a protein denaturation, evident first by an 
increase in viscosity, followed by setting as a rigid 
gel and finally by irreversible denaturation giving the 
appearance of curds and whey. Onset of protein 
denaturation in the frozen milk was found to coincide 
with lactose crystallization. Removal of a portion of 
the lactose as by enzyme treatment increased the 
stability during frozen storage. This is the basis of a 
process which may find commercial exploitation. 

Addition of small amounts of sucrose to the milk 
which affects lactose crystallization also operates to 
prevent protein denaturation. The limiting factor on 
the use of sucrose is the sweetness contributed by this 


sugar. 


DRIED WHOLE MILK 


Finally, we come to a third way of imparting keep- 
ing quality to whole milk which is by drying. About 
75 years ago, this was the great hope. Whole milk 


could be dried, but the keeping quality was so poor 


that production was practically abandoned. As has 
been said, not until World War II did production of 
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dried whole milk receive impetus. This was due to the 
need for a milk in its most stable as well as in its most 
concentrated and compact form for transportation to 
the far flung armed forces of our country. Some of 
you may have participated in the crash programs of 
that time. This work did much to bring whole milk 
powder to its present status. The most important de- 
velopments were the high heat treatments accorded 
the milk before drying to develop natural antioxi- 
dants; the protection of the dried product from 
oxygen uptake before packaging; the practical elimi- 
nation of metal contaminants in the milk, particularly 
copper; control of the moisture content of the dried 
milk within a specified range ; and the nitrogen or gas 
packaging of the product with special procedures to 
remove oxygen. Drying the whole milk in a closed 
nitrogen system or by lyophilizing procedures yielded 
excellent products immediately after drying, but their 
storage stability was not appreciably better than 
products dried by improved processing and conven- 
tional drying procedures. 


A COMPLEX PROBLEM 

And now we come to a phase of keeping quality 
which may be more difficult of solution than those 
already discussed. Thus, we may have a sterilized 
fluid milk, a sterilized concentrated milk, or whole 
milk powder which when fresh is remarkably good. At 
ordinary refrigerator temperatures these products 
retain their satisfactory organoleptic properties to 
varying degrees and for varying times. At room tem- 
perature, however, they soon lose the flavor qualities 
of beverage milk certainly before they reach the con- 
sumer in ordinary channels of distribution as non- 
refrigerated items. Thus, fluid milks, heat-sterilized 
sufficiently to have cooked flavor, are fairly stable in 
their organoleptic properties, due to antioxidant and 
perhaps other effects imparted by the heat treatment. 
On the other hand, milks heat-sterilized in such a 
manner as not to have cooked flavor or a minimum of 
it are subject to other deteriorative changes during 
room temperature storage. The seriousness and com- 
plexity of this problem is discussed by Ball, as already 
mentioned. The nature of these changes is not under- 
stood but is being sought in both academic and 
industry laboratories. Thus, basie studies are in 
progress on the physical and chemical constituents 
of milk; on how temperature, electrolyte concentra- 
tion, specific cations and anions, and other factors 
affect these constituents; on possible interactions be- 
tween protein, carbohydrate and lipid; and on mois- 
ture content in relation to organoleptie changes in 
products varying in moisture from that of fluid milk 
to relatively dry whole milk powder. 

In view of the complexity then of imparting keep- 
ing quality to dairy products, it is no wonder that 
man has so long sought to accomplish this purpose 
and obviously the end is not vet. Work is being done 
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in our own laboratories, the industrial way, to bring 
about this result in which basie findings and _ tech- 
nological know-how are applied to the problem. | 
hasten to say that the problem has the attention not 
alone of my own segment of the industry but that of 
the whole industry including State, Federal and in- 
ternational research groups. At the present time, a 
process based on some manipulation of heating tem- 
peratures and times combined with aseptic canning, 
appears to have the most promise of success although 
a combination of a heatting plus some yet-to-be 
worked out procedure remains @ possibility. The ulti- 
mate product must have organoleptic stability during 
reasonable storage and that phase of the objective is 
envisaged in the over-all solution of the problem. 

In this discussion I have limited myself rather 
strictly to a consideration of keeping quality. | 
realize that there are other factors which will deter 
mine the acceptability of the product. A dried whole 
milk must, for example, be readily dispersible. In 
addition, the nutritional value of the final product 
must be substantially the same as that of the original 
milk by whatever processing is used. It is important 
that there be a continuity of research on the place of 
dairy products in the diet. Certainly one of the press- 
ing problems of the day is to ascertain the facts con- 
cerning the significance of dairy products, butter fat 
in particular, in relation to certain types of ecardio- 
vascular difficulties and arthritis. 

In concluding, I have sought to present to you some 
thing of the seope of the effort that has been expended 
to impart keeping quality to dairy products. I have 
tried to do this from the industrial point of view, the 
industrial way, if you please. Year by year, we make 
progress ; and by ‘‘we’’ in this ease, | mean the indus 
try as a whole. I believe a sterilized milk of minimum 
heated flavor or a dried whole milk of satisfactory 
favor will ultimately be produced. It then remains 
either to store them properly or to build in new fae 
tors so that original beverage quality will be retained 
over more flexible storage conditions. 
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The Viability of a Yeast in High Density Orange 
Concentrates Stored at Various Temperatures: 


Manuscript received June 2, 1960) 


M.. ROBIOLOGICAL SPOILAGE of citrus 
concentrates above 60° Brix is primarily limited to 
yeasts and molds. The high percentages of sugar and 
acid in citrus products inhibits the development of 
most bacteria. However, under certain conditions 
some of the lactic acid bacteria may be involved (4, 
14). 

The occurrence of yeast in citrus products has been 
studied by several investigators. Reeea and Mrak (11) 
identified 92 yeasts which had been isolated from 
fresh citrus, single-strength and concentrated juices. 
Species of Candida and Saccharomyces (Zygosacchar- 
omyces) were the predominant flora found in citrus 
concentrates, 

The interrelationships of concentration, use of pre 
servatives, packaging, and mode of storage determine 
the degree to which viable microorganisms can _ be 
tolerated in processed concentrates. Particular atten- 
tion must be given to bulk concentrates destined for 
re-manufacturing since unfavorable handling and 
storage conditions may cause product deterioration 
before final use. 

Berry ef al (3) studied the effects of temperature 
and juice concentration upon an osmophilie yeast, 
Saecharomyces rouxrii (Zygosaccharomyces vini) iso- 
lated from single-strength orange juice. They found 
the yeast would grow in 58° Brix (highest concentra- 
tion used) at 60° F but not at 50° F. When the con- 
centration was 42° Brix, or lower, the yeast would 
readily grow at 40° F. 

This report is concerned with the identification and 
characterization of a yeast isolated from _ several 
drums of a 65° Brix orange juice concentrate. The 
product had been held in storage at 35° F for a period 
of one year. Since the yeast had not been previously 
isolated from any part of the process it was assumed 
to be unique, probably entering the product subse- 
quent to manufacture. 


EXPERIMENTAL 


Isolation and identification. The yeast was isolated on orange 
serum agar medium as described by Stevens (12). Identifiea 
tion was made aceording to the procedures of Lodder and 
Kreger-van Rij (10 The yeast was compared with type 
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species culture No 1-20" obtained from the Centraalbureau 
voor Schimmel-cultures, Delft, Netherlands. Carbon assimila 
tion patterns were made by a modification of the replication 
method of Beech, et al 

Substrate. Orange juice concentrates of three densities and 
acid contents were used to determine the osmophilie charae 
teristics of the isolated yeast strain. These were: 61.0° Brix and 
1.7% aeid (as citrie acid 65.6° Brix and 5.6% acid; and 70.7° 
Brix and 5.7% aeik Although these Brix values are not 
exactly 60, 65, and 70 degrees, they will be considered so in 
this paper. One hundred forty ml (5 oz) of orange concentrate 
substrate were placed in 8-0z crown-cap bottles and inoeulated 
with 1 ml of suspension containing 16-hr old yeast cells. The 
inoculating medium was orange serum. The bottles were lightly 
capped. Duplieate inoculated san ples were placed at each of 4 
temperatures (20, 40, 60, and 80° F Duplicate samples and 


plate counts were used to determine plating error. Prior to re 


g 
moving aliquots for plating each sample was stirred 45 see with 
a sterile glass rod to insure even distribution of the yeast 
throughout the medium. Platings were made at zero time and 
at 30 day intervals for 120 d ivs. The results were subjected to 


statistical analysis 


RESULTS AND DISCUSSION 


The yeast strain (54A)° isolated from bulk packed 
65° Brix orange juice concentrate was identified as 
Torulopsis magnoliae Lodder and Kreger-van Rij 
1952. When compared with the type species excellent 
agreement was found. This is well illustrated in a 
comparison of the carbon compounds assimilated by 
the two yeast cultures (Table 1 

TABLE 1 
Assimilation of carbon compounds by Torulopsis magnoliae 


Carbon 544 Carbo 


compounds Isolate compounds Isolate 


Sucrose + 


Cellobiose Mannit 

Trehalose ito 

Lactose M Glucoside 

Melibiose Sa 

Raffinose Glucono 6 Lactone 

Melezitose Ca Keto Gluconat 

Inulir K-5-Ke G nat 

»-Xylose La Acid 
Arabinose t Su ic Acid 
Arabinose Citrie Acid 

p- Ribose Inosit 


L-Rhamnose 


» Culture number, yeast collection, Dept. of Food Seience and 
Technology, U. C., Davis, Calif. 

¢ Culture number, yeast collection, OPD, Sunkist Growers, 
Ontario, Calif. 
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specie 
Galactose G erol 
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This species of yeast was first isolated in 1942 from 3.75 
the flower of a magnolia in Holland. It has been 
3.50 4 


subsequently found in fresh pollen and brood comb 
honey by Hajny et al (5). They reported that under 
favorable conditions 40% of the glucose used by this 
yeast was converted to glycerol. Tanaka and Miller 
(unpublished data) also isolated a number of strains 
of this species from spoiled dried prunes. They found 
this osmophilic yeast to be capable of growth and 
fermentation in a 65° Brix concentrated sugar 
medium. 

The results of the storage tests on the inoculated 
concentrates are shown in Figures 1, 2, and 3. The 
yeast was able to ferment all samples incubated at 60 
and 80° F within 30 days. When stored at 20° and 
40° F the population decreased with time of storage, 
with a single exception. A significant increase was 
noted in 60° Brix orange concentrate, stored at 40° F 
for 90 days. This increase continued for the duration 
of the test period. 

The data were examined for significance by analysis 
of variance. In the figures the population levels are 


(Count) 


4 Log (X) 


60 90 120 
Days in Storage 
Figure 1. Growth response of T. magnoliae in 60° Brix 
orange concentrate at various temperatures. 
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3.00 4 
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we 
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20°F. 
0 30 60 90 120 


Days in Storage 
Figure 2. Growth response of T. magnoliae in 65° Brix 
orange concentrate at various temperatures. 


(Count) 


Log (X) 


— — 
0 30 60 90 1206 
Days in Storage 
Figure 3. Growth response of T. magnoliae in 70° Brix 
concentrate at various temperatures. 


expressed as 4 log (X) of the total plate counts. The 
best straight line was fitted to the data for each set 
of conditions and the resultant slopes were found to 
be significant, except those representing the 30-day 
counts in the samples stored at 60° and 80° F. The 
increase in populations on the concentrates held at 
these two temperatures was not significantly different 
from one another. The rapid increase in population 
shown at 60° and 80° F was correlated with the fact 
that these samples fermented in the 30-day period. 


SUMMARY 


An osmophilic yeast (Torulopsis magnoliae) was 
isolated from 65° Brix concentrated orange juice and 
tested for its ability to ferment high density concen 
trates at various temperatures of storage. The yeast 
fermented all concentrates employed when stored at 
60° and 80° F for 30 days. It also demonstrated 
significant growth in 60° Brix orange concentrate 
stored at 40° F for 90 days. 

Common commercial practice has eonsidered 40° F 
storage sufficiently low to protect 65° Brix orange 
concentrate against spoilage. However, the data in 
this paper show that if orange juice concentrate 
becomes inoculated with this yeast, lower tempera- 
tures are necessary for product protection. 
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We Control Everything 


(everything but nature) 
To Bring You 
The Best in §, spices 


There’s more to this story of 
quality control and how it gives 
you the best flavor in spices. The 
Griffith man will tell you about 
this company’s exceptional Solu- 
blized Seasonings. 


The Best in Cures 


7 P= to go with the Best in Spice 
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CHICAGO 9, 1415 W. 37th St. * UNION, N. J., 855 Rahway Ave. * LOS ANGELES 58, 4900 Gifford Ave. 


GRIFFITH 
LABORATOR! 


Our control starts with laboratory evalua- 
tion of a samp'e of the spice under con- 
sideration. It must measure up to Griffith’s 
standard in both chemical and organoleptic 


evaluations. 


When the shipment of spice arrives, we 
repeat the evaluation procedure to compare 


it with the sample. 


In storage, the freshness and quality is pro- 
tected by regulation of light, humidity and 


temperature. 


And grinding is laboratory controlled. The 
meshes are checked. A “balance” is run—to 
be sure that spices are being ground to the 


desired meshes without loss of flavoring. 


Last stage of control is packaging. Accord- 
ing to the customer’s wish: “Bulk,” in fiber 
drums. Or, sealed in cellophane within a 
batch-size (unit) bag— packed in a fiber 


shipping drum. 


THE GRIFFITH LABORATORIES, INC. 
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Curing of Ham: A Study of Sodium Chloride Accumulation. Il. 


Combined Effects of Time, Solution Concentration 


and Solution Volume”* 


Tun OBJECT Of this study was to 


investigate the mechanisms involved in permeation of 
meat by sodium chloride solutions. Effects of time, 
solution concentration, and solution volume were 
evaluated. The literature dealing with inorganic ion 
diffusion into tissues was reviewed in the first part of 
this study (4). 

Quantitative evaluations of sodium chloride pene 
tration into the mammalian muscle were reported by 
Callow (1), who found that NaCl solution dehydrates 
the muscles, but as salt penetrates the muscle the 
osmotic equilibrium is changed and water returns into 
the tissue. From the study of water movement one 
may deduce the fate of sodium chloride. Fick’s law of 
diffusion (2) cannot be rigorously applied to the dif 


fusion of sodium chloride into musele tissue, because 


* Presented at the 19th Annual Meeting of the Institute of 
Food Technologists, Philadelphia, Pennsylvania, May 19, 1959 
A paper of the Journal Series, N. J. Agricultural Experi 
ment Station, Rutgers University, Department of Food Science: 
Present address Preservaline Manufacturing Company, 
Flemington, New Jersey 
“Present address Preservaline Manufacturing Company, 
Flemington, N. J. 


H. E. Wistreich,° R. E. Morse and 


L. J. Kenyon “ 


Department of Fi 


the muscle tissu Ss notas mple solvent. Wistreich 


et al have shown that certain nonspecific resist- 


ances to alkalin a diffusion 1 


tissue are present, especially at temperatures lower 


authors nave ¢ 


than 18° C. The same I 
linearity of solution concentration 
NaCl] accumulation in meat, and the a 


of temperature. Mikulich 


ence of caletum and magnesium ions in solution de- 


creases significantly the permeability of fish flesh to 


sodium ¢ehloride 


EXPERIMENTAL 


Universit New Brunswick, New 


reported that the pres- 
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ito pork muscle 


lemonstrated the 


and amount of 
ccelerating effect 


Locally pure sé pork ms were disseeted and 4 muscles 
olated: namely, B moris, R noris, Semitendi 
s and S , } sus. Fro these muscles cylindrical 
nples weig g l g were prepared and 
lin 100 use rs er irallel to beaker 
s. To the exp ( f the samplk s firmly applied 
7 sq em crossst t re ss ibe Into the tube was poured a 
wh volume of . chloride s on of known concen 
tion The solution en with 5 ml of mineral 
) n order to prey Samples were allowed to el 
nd in eonta vit the s itiol t ( After a predeter 7 
ned time the so s po | t and chloride determined 7 
he musele sample hloride s correeted for initial musele 2 
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sodium chloride that diffused from solution into the muscle 
sample through 1 sq em of contact area was called accumulation 


ralue. The accumulation value was expressed in mg of NaCl 


per em. 

Six series of experiments were performed. In the first 3 
series, variables were time and solution concentration. In the 
second 3 series, variables were solution concentration and 
volume, Each series was composed of 2 to 5 replicate runs; 
each comprising 8 to 9 samples isolated from the same ham. 

In the first series, solution concentration was 100 g/l, solu 
tion volume was 5 ml per em® of contact area (35 ml per tube) 
and contact time was 1, 2, 4, 8, 12, 16, 24, 48, and 96 hr. 
third series, procedure was the same 


In the second and 
200 and 300 g/I, 


except that solution concentrations were 
respectively. 

In the fourth series, solution concentration was 100 g/l, con 
tnet time was 24 hr, and solution volume was 2.14, 5.00, 7.86, 


and 10.71 ml/em® (15, 35, 50, and 75 ml per tube) 


The fifth and sixth series were similar to the fourth except 
for solution concentrations, which were 200 and 300 g/l, 
resp etively. 


RESULTS AND DISCUSSION 


Averages of results obtained in the first, second, 
and third series of this study are presented in Table 1. 
The accumulation value inereased with time. The 
effect of raised solution concentration was to increase 
the accumulation value for any given time. This 
agrees with previous work (4) where accumulation 
value was related to solution concentration at con- 
stant time (24 hr 

Data from Table 1 are graphically presented in 
Figure 1. When the logarithm of accumulation value 
was plotted against logarithm of contact time, a 
straight line relationship resulted. Slope of this rela- 
tionship was the same at different concentrations, but 
the intercepts differed. Curves similar to the ones in 
Figure 1 were obtained when data from individual 
runs were plotted. 

The curves in Figure 1 may be expressed by the 


following empirical equations : 


log A = 0.4 log t + 1.19 (1) 
log A 0.4 log t + 1.45 (2) 
log A = 0.4 log t + 1.66 (3) 


Where: 
A—is accumulation value in mg/em? 
t—is time in hours 


Equations (1), (2), and (3) may be expressed by the 
general form: 
log A = 0.4 log t +1 (la) 


TABLE 1 


Effect of time and solution concentration on sodium chloride 
accumulation value in pork thigh muscles at 3° C 


100 g/l solution | 200 g/l solution | 300 ¢/1 solution 

Time 

hours 
iverage Range | Average’ Range Average | Range 
1 15.5 4 27.9 5.4 45.8 5.7 
2 17.8 1.3 17.6 a4 58.6 6.3 
4 25.8 ( 49.4 8.6 77.7 6.8 
8 $2.1 65.1 6.4 94.2 0.6 
12 40.1" 0.0* 77.9 12.1 119.6* 0.0* 
1¢ 44.5 ti 90.2 10.6 112.1 12.1 
o4. 55.8 0.3 103.7 9.4 132.6 au 
48. 76.1 1.6 146.0 29.7 189.8 3.5 
96 . 110.0 0.8 216.5 | 25.0 338.6 14.8 


* Based on one determination only 
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mgjfem 


N 


log ACCUMULATION VALUE 


log TIME hours 


Figure 1. Effect of time and solution concentration on the 
accumulation of sodium chloride in pork thigh muscles. Curve 
A-100g/1 NaCl solution. Curve B-200g/1 NaCl solution. Curve 
C-300g/1 NaCl solution. 


Where: 
i—is the intercept value 


Previous work (4) has shown that if time is kept con- 
stant at 24 hr, the accumulation value—solution con- 
centration relationship obeys the following equation : 
A=05C (4) 
Where: 
C —is solution concentration in 


Thus the intercept values i must vary linearly with 

solution concentration, for they express the accumula 

tion value at 1 hr. By combining equations (la) and 
(4) one obtains: 

log 0.5 C = 0.4 log 24 + ji (3) 

i= log 0.5 C — 0.55 (6 


By substituting (6) into (la) one obtains: 
log A = 0.4 log t + log 0.5 C — 0.55 (7 


Equation (7) expresses the correlation of accumu 
lation value to both solution concentration and time. 

This equation is valid only if the solution volume is 
5 ml/em* at temperature of 3° C. 

Results of the fourth, fifth, and sixth series of ex- 
periments are presented in Table 2. The accumula- 
tion value inereased with solution volume. This in 
crease occurred at all solution concentrations used in 
these experiments. The data from Table 2 are graphi 
cally presented in Figure 2. 

The effect of solution volume on accumulation value 
seems to be more marked at higher NaCl concentra 
tions. This effect could be explained by the dilution 
effect of moisture drawn from the tissue by the solu- 
tion, and by solution concentration drop due to sodium 
chloride diffusion into the tissue. In a larger volume 
these 2 factors have a smaller relative effect on con- 
centration than in a smaller volume. 


: 
\ 
© re) 
6 
6 
a 
fhe 
“Ag 
i 
_ 
‘ 
ij 
id 
4 


CURING OF HAM: SODIUM CHLORIDE ACCUMULATION. IT. 551 


TABLE 2 


Effect of solution volume and concentration on sodium chloride 
accumulation in pork thigh muscles at 3° C in 24 hours 


Solution Average 
Solution volume neentration accumulation Range 
value 

m masyem 
14 44.6 

Th 100 1.8 B.2 
10 5.4 1.8 
71 9.9 5.7 
14 88.1 15.2 

0 102.9 14.3 

101 9.7 
71 0 112 17.4 

14 0 126.5 3 

{ 1 7 

) 1 0 42.5 
10.71 ( 173.0 45.7 


The curves in Figure 2 may be expressed by the 


following empirical equations : 


A 1.86 V + 41.5 (for the 100 g/l curve 8 
A 2.19 ¥ 82.5 (for the 200 @/| curve (9 
A= 5.31 V° 113.5 (for the 200 g/l curve) 10 


Where 


V —is the solution volume in ml/em? of contact area. 


160 
140 
120 
100 4 


> 


ACCUMULATION VALUE NaC! 
N 


° 


VOLUME ml/cma 


Figure 2. Effect of solution volume and concentration on 
sodium accumulation value in pork thigh muscles. Curve A- 
100g/1 NaCl Solution. Curve B-200g/1 NaCl Solution. Curve 
C-300g/1 NaCl Solution. 


The above equations apply only to volumes greater 
than 2.1 ml/em?. 

Both the slopes and intercepts of equations (8), (9), 
and (10) appear to vary directly with solution con- 
centration. By analysis of data from Table 2 an equa- 
tion correlating accumulation value to solution con- 
centration and volume may be construed. This equa- 
tion is as follows: 

A .02CV + 0.40 C (11) 
may be 


A close 


Values computed by use of equation (11 
easily cross checked by use of equation (7 
agreement is found by such cross checking. 

By combining equations (la) and (11) a composite 
equation is obtaines 
A = 0.4 log t log C 
log (2V + 40 2.00 (12) 


} 
1O 


Equation (12) expresses the correlation between ac- 
cumulation value, time, solution volume, and solution 
concentration. The precision of the equation (12) is 
within + 10% range for contact times of less than 24 
hr. For longer contact times the error increases. to 

20%. Investigations of effects of muscle pH, intra- 
cellular fat, salty purity, and ionic composition of the 
muscle should permit the elimination of some of the 
error now inherent in the calculations of accumulation 
value. 


SUMMARY 


Effects of time, solution volume, and solution con- 
centration on sodium chloride diffusion into pork 
muscle were studied Accumulation of sodium 
chloride varied linearly with solution concentration 
and volume. The accumulation value-time relation- 
ship was logarithmic. An equation correlating the 


above factors was derived. 
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Low Temperature Handling of Sterilized Foods. V. 


Biochemical Changes in Storage ° 


(Manuscript received June 2, 1960 


I, RECENT YEARS, advantage has 
been taken of the logarithmic order of thermal death 
of bacteria as opposed to first order kineties of bio- 
chemical alterations during thermal processing to de- 
velop a number of commercial high temperature- 
short time (HTST) thermal processes for canned 
product sterilization. Such processes can produce 
food products which are of relatively high initial 
quality. 

Since it has been established that many biochemical 
quality factors are not storage stable in most con- 
ventionally canned foods under ambient temperature 
conditions (7), it would be expected that equal or 
greater instability will be found in HTST processed 
products due to the greater concentration of unstable 
reactants, and that low temperature storage might be 
quite beneficial to retention of qualities represented 
by these biochemicals. It was the intention of this 
investigation to determine some of the biochemical 
changes certain HTST processed 
eanned foods and in their conventionally processed 
counterparts under various storage temperatures. 


proceeding in 


EXPERIMENTAL PROCEDURE 


The following high temperature-short time and conven 
tionally processed products were studied: tomato juice, green 
beans, whole kernel sweet corn, cream of potato soup, cream of 
shrimp soup, green pea with ham soup, and oyster stew. Prepa 
ration, canning and thermal processing are deseribed in other 
papers of this series (3, 4). HTST samples were packed in 
211 x 011 plain eans”; conventionally processed foods were 
packed in No. 2 (307 x 409 
35° F, 50° F and 80° F; 


of conventionally 


plain eans. Samples were stored at 
8 cans of HTST samples and one can 
removed from each storage 
Samples from HTST 


processed were 


temperature after 3, 6 and 12 months. 


cans were combined for analysis. 

All products except green pea with ham soup were analyzed 
for thiamine content; whole kernel sweet corn and green beans 
were analyzed for riboflavin content. Ascorbie acid determina- 
tions were made on tomato juice, green beans, whole kernel 
sweet corn, cream of potato soup and on green pea with ham 


* Presented before the Twentieth Annual Meeting, Institute 
of Food Technologists, San Francisco, May 18, 1960. 

“HTST procedure used was one of expedience and was in 
eapable of producing products equal in quality to those which 
ean be produced by processes in which the food is heated for 
sterilization in bulk before filling. In the latter type of process, 
sterilization is accomplished in a matter of seconds, whereas the 
processes using in the work herein reported varied from 1-3 
min at 300° F. 
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soup. Beta-carotene analyses were made on oyster stew and 


yellow sweet corn. 

Determinations of pH and total acidity were made on cream 
of potato soup, oyster stew, green pea with ham soup, whole 
kernel 


shrimp soup. Changes in trimethylamine content were measured 


sweet corn, tomato juice, green beans, and cream of 


in the two shellfish-containing products. Color evaluations were 
made on each produet by tristimulus reflectance colorimetry. 


Vitamin assays. 
methods. 


using 


All vitamin assays were performed 


chemical Beta-carotene contents of products were 


determined by method. Thiamine econ 
tents method; riboflavin 
contents were determined by the fluorometrie method. Reduced 


the indophenol-xylene extrac 


the chromatographic 


were determined by the thiochrome 


ascorbie acid was measured by 
tion method (1). 

Color. Color of each product was measured using Garduer 
Automatie Color Difference Meter Laboratories, 
Bethesda, Maryland Tomato filling a 
cylindrical lucite cell 2% inches inside diameter by one inch 
inside height, with with a 
standard red plate previously used for standardizing the instru 
ment at Ra +47.7, and b +16.0; and placing the 
cell over the 2% inch opening of the instrument for reading. 


(Gardner 


juice was read by 


juice; covering the cell ceramic 


5.6, u 


Cream of potato soup, cream of shrimp soup, oyster stew, 
and green pea with ham soup were slurried to a homogenate in 
a Waring blender before placement in the cell. Green beans and 
whole kernel corn were drained of liquid prior to slurrying. 
Standard green plate used for green beans and green pea with 
ham soup had a reading of Ra 11.1, b +14.5. A 
standard white plate having a reading of Ra 79.5, a 0.6, 
and b +0.1 was used as the standard for all other produets. 

Other analyses. Total acidity was determined by diluting 
tomato juice or slurry with distilled titrating with 
0.1IN NaOH to a pH 8 endpoint. Total acidity is reported as 
milliequivalents of NaOH neutralize the 
present in 10 g of sample. pH was determined by direet read 
ing with Beckman pH meter. 

Trimethylamine content of the two products 
shellfish was determined by colorimetric determination as the 
picrate salt (2). Sample was blended with trichloroacetic acid 
and filtered. Filtrate was treated with formalin solution and 
extracted with toluene. Extract was converted to picrate salt 
and quantity of trimethylamine was determined colorimetrically 
by comparing to standard curve of picrate salt. 


2 
29.35, a 


water and 


required to acid 


containing 


RESULTS AND DISCUSSION 


Beta-carotene changes in storage. Initial beta-caro 
tene content* of oyster stew was not significantly 
changed after 12 months at all temperatures in either 
IITST or conventionally processed product. 

Conventionally processed whole kernel sweet corn 
had an initial beta-carotene content significantly 


© The expression ‘‘ initial content’’ in the following para 
graphs means ‘‘ content within 72 hr after processing.’’ 
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higher than that found in HTST processed corn. Stor- 
age of conventionally processed product for 12 
months at 35° F and 50° F, and storage of HTST 
processed product at 35° F for 12 months resulted in 
no significant changes in beta-carotene content. Sig- 
nificant losses were noted in conventionally processed 
corn after 6 months storage at 80° F and in HTST 
processed samples after 12 months at 50° F and 80° F 


(Table 1) 


TABLE 1 


Beta carotene content of canned whole kernel 
sweet corn in storage 


age time (months) 


Storage temp I 
0 6 12 


meg meg meg mcg 
Conver ally proc j 1009 
113 103 78 107 


100 107 


HTST processed 


50 110 
a0 114 99 64 


Thiamine changes during storage. There were no 
significant differences between initial thiamine con- 
tents of tomato juice processed conventionally and by 
HTST methods. HTST tomato juice thiamine con- 
tent did not change in storage, but conventionally 
processed tomato juice did show significant thiamine 
losses after 12 months at 50° F and 8° } 

Initial thiamine content of cream of potato soup 
was higher in HTST processed product than in con 
ventionally processed. Significant storage losses were 
observed in conventionally processed product at 80 K 
and in HTST processed product at all three storage 
temperatures after 12 months. 

Initial thiamine content of oyster stew processed by 
HTST methods was significantly higher than that 
found in conventionally processed samples. Conven- 
tionally processed samples displayed losses after 12 
months at 80° F. 

Initial thiamine content of cream of shrimp soup 
processed by HTST method was significantly higher 
than that processed by conventional methods. 

HTST processed green beans had an initial thia- 
mine content almost double the conventionally 
processed sample’s initial content. Significant storage 
losses were observed in both conventionally and HTST 
processed samples stored 12 months at 80° F. 

Storage losses were noted after 3 months at 80° F in 
conventionally processed whole kernel sweet corn and 
after 6 months at all 3 storage temperatures in HTST 
processed samples (Table 2). 

Thiamine, a heat labile constituent, is evidently bet- 
ter preserved in HTST processes than by conventional 
processing techniques for all but tomato juice of the 
products evaluated. Significant storage losses of thia- 
mine content of both HTST and conventionally 
processed were observed in all but two products after 
12 months storage at 80° F, but there is no indication 
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that the processing method has any effect on storage 
stability of thiamine in any of the products. However, 
it is evident that lower temperature storage signifi- 
eantly improves thiamine retention in both HTST and 
conventionally processed products. 

Riboflavin. Significant riboflavin losses were ob- 
served in conventionally processed green beans after 
12 months at all three temperatures and in HTST- 
processed after 6 months at 50° F and 80° F (Table 
3). 

Reduced ascorbic acid retention. Reduced ascorbic 
acid content of all products involved in this study was 
extremely low. Soups were prepared by conventional 


TABLE 2 


Thiamine content of canned whole kernel sweet corn, green 
beans, tomato juice, cream of potato soup, and oyster 
stew during storage 


Storage time (months) 


mg mg 
100 9 100 g) 


HTST processed 
O28 0,026 
1 ( 24 1.027 
2 2 25 0.027 
44 0.026 0.027 
Green Beans 
Cor nti 
24 028 1.021 
24 26 0.019 
126 0.015 
27 0.018 
HTST pro 
( O37 0.03¢ 
9 0.032 
me 0.025 
0.031 
ito Juik 
( all 
47 0.043 
047 0.037 
2 146 0.037 
0.047 0.039 
HTST processed 
i8 43 0.052 
0.043 O44 
62 O41 0.047 
42 0.048 
( am Potato S 
Cor nti 1 I 
0.065 0.074 
161 0.064 
0.060 1.0538 
0.064 
HTST processed 
35 87 87 0.05 
078 0.059 
~ 0.004 0.04 
0.05 
Stew 
Conventionally 
5 157 
056 0.059 
0.044 
54 
HTST processed 
67 O77 0.082 
50 O75 0.076 0.086 
61 


) 0.071 


q 
| 
7 
af 62 67 
O4 6 i2 
12 7 95 
0.025 0.038 He 
5 1028 0.038 
116 77 0.023 0.0292 
( 5 0.033 
‘ 
t 
+ 
0.068 0.074 0.083 
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TABLE 3 
Riboflavin content of canned beans in storage 


Storage time (months) 
Storage temp (° F) 


0 3 6 | 12 
(mg/ | (mg/ (mg/ (mg/ 
Conventionally processed 1009) | 1009) 100 g) 100 g) 
35.. 0.024 | 0.020 0.021 0.016 
50... ooo 0.018 0.029 0.012 
80... , 0.038 0.019 0.010 
0.025 0.023 0.013 

HTST processed 
35 0.032 0.032 0.030 0.027 
50 : | 0.036 0.026 0.018 
BO... | 9.047 | 0.022 0.014 


0.0388 0.026 0.020 


cooking techniques prior to canning and thus were not 
expected to have high reduced ascorbic acid contents ; 
tomato juice for this study was prepared from pre- 
viously processed juice, and the double process un- 
doubtedly reduced the content to almost negligible 
quantities. Canned green beans and whole kernel 
sweet corn do not generally contain high reduced 
ascorbic acid contents. 

Thus, no significant differences were observed be- 
tween initial reduced ascorbic acid contents of HTST 
processed green beans and tomato juice and those of 
the same product processed by conventional methods, 
nor were any significant storage changes noted. 

Initial retentions of reduced aseorbie acid in con- 
ventionally processed cream of potato soup and whole 
kernel sweet corn were higher than in HTST 
processed. 

Significant losses of reduced ascorbic acid were 
noted in conventionally processed whole kernel sweet 
corn after only 3 months storage at 80° F; samples 
held at 50° F and below retained most of their re- 
duced ascorbie acid content for 12 months. Similar 
results were noted for HTST processed whole kernel 
sweet corn. 

No significant storage changes were observed in 
HTST processed green pea with ham soup but losses 
of almost half were noted in conventionally processed 
after 12 months at 80° F (Table 4). 

The high thermal sensitivity of ascorbie acid cou- 
pled with the processes given the products combined 
to lower analyzed values to almost negligible values, 
while other less heat labile components were less 
affected and so more readily analyzed. Results ob- 
tained on reduced ascorbic acid contents could not be 
accepted as indicative of changes which might oceur 
in less vigorously processed samples. While no advan- 
tages of HTST over conventional processing have 
been shown, it is evident that 80° F storage tem- 
peratures are not advantageous to ascorbie acid re- 
tention in products studied. 

Color changes in storage. Red-green hue of prod- 
ucts is indicated in ‘‘a’’ value, more positive values 
indicating more red, and less positive values meaning 
less red. HTST processed tomato juice had a higher 
‘*a’’ value than did conventionally processed through- 
out the 12 month study. Retention of red color was 
benefited by storage at 35° F. After 12 months stor- 


TABLE 4 


Reduced ascorbic acid content of canned whole kernel sweet 
corn and green pea with ham soup in storage 


| Storage time (months) 
Storage temp (° F) ; l 


0 3 6 

Whole Kernel Sweet Corn (mg/ (mg/ (mg (mg 
Conventionally processed | 100 g) 100 @) 100 g) 100494 
5.7 5.3 45 

3.6 4.5 

a0 2.9 


HTST processed 
50. ne 2.8 3.1 2 


Green Pea with Ham Soup 
Conventionally processed 


7 7 1.8 
1.8 1.7 
Sf), 1.8 1.6 1.1 
1.5 1.7 
HTST processed 
1.9 200 1.9 
2.2 1.8 2.4 
2.3 20 2.2 
1.9 


age at 80° F, red color of both HTST and conven 
tionally stored samples was significantly decreased 
with no significant difference attributable to origina! 
processing method. 

Yellow-blue hues are indicated by ‘‘b’’ values, more 
positive meaning more yellow, and vice versa. HTST 
processed whole kernel corn had significantly more 
yellow than did conventionally processed, but no sig 
nificant color changes were noted in storage, due 
either to storage per se or to any specific storage 
condition. 

HTST processed green beans had more green hue 
in samples processed conventionally. Again, however, 
no significant changes were observed due either to 
storage or to a storage condition. Analagous results 
were observed in green pea with ham soup, indicating 
that processing method has a profound effect upon 
green color, but that storage within experimental 
limitations exerted no significant effect upon color (5). 

In oyster stew, there were significant color differ 
ences to the advantage of HTST processing, and these 
advantages carried over throughout the storage 
period, with no specific storage condition exerting any 
special influence upon color change in storage. In 


TABLE 5 


Changes in Gardner colorimeter ‘‘a’’ value of 
caaned tomato juice during storage 


Storage time (months) 
Storage temp (° F) 


0 3 6 1 
Conventionally processed $21.3 | 20.8 +21.3 1 
35 |} +20.9 +21.5 1 
+21.3 21.8 13.8 
BO - 
421.0 +21.5 16.8 
HTST processed 
os 4+-22.7 4-23 .9 +22.0 +-24.2 
+21.8 +21.6 +14.2 
80.... +-22.2 +22.3 +14.7 
| 422.6 | +22.0 17.7 


| 
| 
4 
| 
| 
| 
| 
| | 3.6 2.5 2.0 
| 
— 
we 
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some contrast, however, neither processing method 
nor storage resulted in any changes in color of cream 
of potato soup. Analagous results were observed with 
cream of shrimp soup. 

From these results, it appears that storage condi- 
tions exert a significant effeet upon product color of 
tomato juice only. The relatively mild storage condi- 
tions used in this study did not allow manifestation of 
previously reported effects of ambient temperature 
storage on color. In the case of some products colored 
red or green, processing method may have a signifi- 
cant effect on color retention. 

Other biochemical components. There were no sig 
nificant differences in initial total acidity between 
HTST and conventionally tomato juice, 
cream of potato soup, or whole kernel sweet corn, nor 


processed 


were any changes or differences observed in storage. 
Total 


acidity of HTST processed Oyster stew was signifi 


Similar results were observed in pH values. 


cantly higher than in conventionally processed, and 
after storage at 50° F and 80° F for 12 months, sig 
nificant increases were observed in samples from both 
processing methods. Similar initial results were note: 
in green pea with ham soup. 

Initial total acidity 
cream of 


was higher in conventionally 
HTST 
processed. Significant inereases were noted after only 
HTST 


HTST processed green beans had a higher 


processed shrimp soup than in 


6 months storage of processed samples at 
80° F. 
initial pH than did conventionally processed; and 
after 6 months storage at 80° F, samples from both 
processing methods showed significant decreases 
(Table 6). 

It has been indicated previously that reduction of 
trimethylamine oxide to trimethylamine can oceur in 
canned fish and that this reaction can be a con- 
tributing factor to storage deterioration of canned fish 
products (6) Trimethylamine content of oyster stew 
processed by both methods was the same, indicating 
that processing method had no significant effeet upon 
the reduction. However, storage and storage condi 
tion exerted a profound effect upon trimethylamine 
content of oyster stew after only six months storage. 
The rate of trimethylamine formation was slowest at 
35° F but still significant even at this temperature, 
and very much more rapid at higher temperatures 
especially in HTST samples. Similar results were ob 
Table 7 


served in cream of shrimp soup 


SUMMARY 


Several biochemical changes have been studied in a 
number of products processed by high temperature 
short time and conventional canning. sterilization 
methods and stored for 12 months at 35° F, 50° F 
and 80° F, 


not affected by either processing method or storage, 


Beta-carotene content of oyster stew was 


while content of whole kernel sweet corn was some 
what less deteriorated by HTST processing than by 
Both temperature 
and storage time had significant effects on beta-caro 


conventional processing. storage 
tene contents, longer times and higher temperatures 


‘ausing greater storage losses. 


LOW TEMPERATURE HANDLING OF STERILIZED FOODS. 


TABLE 6 


Total acidity and pH of canned products in storage 


Storage temp 


Oyster Stew 


Conventionally pre ssed 


HTST processed 


reen Pea with Ham Sx 
Conventionally processed 
HTST processed 
eam of Shrimp S: 
HTST pro 
reen Beans 
nver oT y 
HTST processed 
50 
a0 
Trimethylamine 
Sst ter 
mver na 
PY 


eam of Shrimp S 

Conver nalyy 
80 

HTST processed 


TABLE 7 


Total 


Qe 


acidity 


orage time 


(meq/10 g) 


(months) 


content of canned oyster stew 
and cream of shrimp soup in storage 


(months) 


mg 
1004 


0.43 
0.43 
0.42 
0.43 

44 
0.44 


0.44 


| 
0 6 12 
q 
25 25 0.25 0.24 
25 0.24 027 
80 27 0.25 0.29 
26 0.25 0.27 
50. ‘ 0.18 0.21 
15 0.19 0.22 
0.15 0.18 0.21 
0.25 0.28 0.25 0.24 
| 27 0.29 0.21 
).28 0.29 0.22 
2 | | 036 
22 0.19 0.56 
0.26 0.46 
29 0.20 OBS 
4 07 0.07 O.0R 
0.12 0.08 0.08 . 
8 0.07 0.09 \ 
09 0.07 0.08 
0.06 0.07 O.05 
O7 0.07 0.06 
05 0.25 0.10 
of 0.13 0.07 
pH 
a 
6.0 5.5 5.6 8 
6.6 5.5 
5.4 
5.7 5.7 
5.3 5.2 
ft 
6.1 5.6 5.6 | 
= 
12 
mag (mg 
100 100 | 100%) 
0.73 
05 0.55 
11 0.63 
OR 0.64 
HTST processed 
0.07 | 0.64 
| 
0.76 
at 0.09 0.74 
0.06 — 0.71 1 
Cy uy 
: cessed 
72 1.75 2.07 
1.04 2.28 1.98 
1.57 1.94 1.92 
1 1.92 1.58 2.06 a 
1.79 1.89 2.79 
186 | 2.24 


556 FOOD TECHNOLOGY, NOVEMBER, 1960 


Thiamine contents of tomato juice, cream of potato 
soup, oyster stew, cream of shrimp soup, green beans 
and whole kernel sweet corn were either affected 
equally by HTST process and the conventional process 
or decreased markedly less by the HTST processing 
methods, by shorter storage periods and by lower 
storage temperatures thus demonstrating the thermal 
lability of this component. No differences were ob- 
served in initial riboflavin contents between HTST 
and conventionally processed whole kernel sweet corn, 
but HTST processing did have a beneficial riboflavin 
retention effect on green beans. Whereas no storage 
effects on riboflavin were observed in the former 
product, green beans were greatly benefited by shorter 


times and lower temperatures of storage. 
Ascorbie acid contents of products studied in these 
experiments were too low to demonstrate any valid 


results with respect to processing method or storage 
condition, 

The red color of tomato juice and the green color of 
green beans and green pea with ham soup were signifi- 
cantly less affected by HTST processing than by econ- 
ventional processing and by low temperature storage 
as compared to storage at 80° F. Trimethylamine con- 
tents of shellfish-containing canned products studied 
were not affected more by one processing method than 
by the other but did increase during storage, lesser 
increases being noted for shorter storage periods and 
at lower storage temperatures. 

Results of this study clearly demonstrate that 
HTST processing methods can give a product which 
is equivalent or superior to conventionally canned 
product with respect to components investigated, and 
that products processed by either method are ma- 
terially benefited by storage temperatures below 50° F. 
There was no evidence to the effect that HTST 


processed products, having an initially higher concen- 
tration of reactants deteriorated faster than similar 
conventionally processed canned products. 
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Viscometric Behavior in Relation to 


Evaporation of Fruit Purees 


(Manuscript received November 6, 1959 


Fe IT AND VEGETABLE PUREES pre- 
problems in flow and heat transfer 
applications because of their non-Newtonian nature. 
Newton’s law states that for a flowing viscous fluid, 


sent special 


the force per unit area, or shear stress, required to 
maintain flow is proportional to the velocity gradient 
perpendicular to the direction of flow. In equation 
form (see end of article for notation), 


K/A = pdu/dx 
or T (2) 


The proportionality constant, », is commonly called 
the viscosity of the fluid and is given by the expression 
r/y (2) 
Solutions of long chain molecules and suspensions 
do not in general obey this simple law. If measure- 
ments are made at different velocity gradients (shear 
rates), the ratio r/y will not be constant. This ratio 
is frequently called the apparent viscosity, p,. Liquid 
fruit and vegetable products are usually in a class 
called pseudoplastic. These fluids are characterized 
by an apparent viscosity that decreases as the shear 
rate increases. It is a general observation that the 
behavior of pseudoplastie fluids can be fairly well 
represented by the equation 


T K y" (3 
K y"! (4) 


The parameters K and n ean be ealeulated from 
data obtained from a suitable coaxial cylinder vis- 
cometer. The shear stress on the stationary cylinder 
is observed as a function of shear rate by varying the 
speed of the rotating cylinder. If these data are 
plotted as + vs y on logarithmie paper, the slope of the 
line is equal to n and the value of + where y = 1.0 is 
equal to K. It will be noted that if n 1.0, pa K, 
and the fluid is Newtonian. If apparent viscosity 
decreases with increasing shear rate, n must lie be- 
tween 1.0 and zero. 

Another model frequently used to represent the 
behavior of these non-Newtonians is the so-called 
which is characterized by a yield 


sé 


singham plastie,”’ 
stress. At shear stresses lower than the yield value, 
the fluid will not flow. At higher stresses, shear stress 
is linear with shear rate. The equation representing 
this behavior may be written 

My (5) 
Figure 1 shows the type of behavior exhibited by New- 
tonians, Bingham plastics, and pseudoplasties on a 
plot of shear stress vs shear rate. It is unusual to find 
a fluid that is a true Bingham plastic, and most fluids 
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which show a decrease in apparent viscosity with 
increasing shear rate conform more closely to Equa- 
tion (4) than to Equation (5). In either ease, two 
parameters are required to represent the behavior. It 
has long been recognized that single point constants, 
such as are obtained with consistometer or flow tube 
readings, cannot adequately describe the viscosity be- 
havior of non-Newtonians. It would be entirely pos- 
sible to have two products with the same consistometer 
reading but with quite different characteristies. 


Bingham plastic 
slope =m 
o 
” 
Pseudoplastic 
” 
o 
£ 
y ~ 
Newtonian, slope = yu 
Shear Rate, y 
Figure 1. Characteristics of some non-Newtonian fluids. 


In some materials, the property of thixotropy be- 
\ thixotropic fluid is one for which 
the shear stress is a function of time as well as shear 
rate. If present, this effect can be observed in a 


comes important. 


coaxial eylinder viscometer. At constant rotational 
speed, the shear stress will decrease with time to a 
steady state value. Otherwise, the behavior is similar 
to that of pseudoplastic fluids. An extensive treat- 
ment of non-Newtonian technology is presented in a 
review article by Metzner (2). 

This paper reports the results of an investigation 
of the performance of a wiped film evaporator in con- 
centrating apricot, peach, and pear purees and a 
study on the viscosity characteristics of the produets. 


EXPERIMENTAL 


Materials. The materials used for this study were lots of 
single strength apricot, peach, and pear puree which had been 
hot filled into 5 gal cans. Specific information on the history 
of the raw materials and the details of processing were not 
available. Corn syrup was used as a feed material to obtain 
performance data with a Newtonian fluid. 

Evaporator. The wiped film pilot scale evaporator is shown 
in Figure 2. The 12 in inside diameter by 4% in wall thickness 
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Figure 2. View of disassembled evaporator. 1. Feed line. 
2. Product line. 35. Vapor line to condenser. 4. Steam line. 
5. Drain. 6. Rotor. 7. Product pump. 8. Magnetic flow meter. 


steam jacketed heating surface had an area of 4 sq ft. The 
rotor, which revolved at speeds up to 200 rpm, had 4 floating 
wiper bars construeted of reinforeed Teflon. In the present 
work, only the maximum rotor speed of 200 rpm was used. Con 
centrated produet was drawn from a well in the bottom, and 
vapor was drawn from the bottom through a discharge pipe 
to a condenser. Any liquid overflow was observed in a sight 
glass in the bottom section and could be pumped out. Concen 
trate was removed by a Moyno pump serewed direetly into the 

discharge nozzle, as shown in Figure 2 
Experimental procedure. The feed was drawn by the evapo 

rator vacuum from a container placed on platform seales. The 

total amount of feed for a run was determined by weight, and 
the magnetic flow meter (Figure 2) was used in conjunction 
with a manually operated valve to maintain a constant feed 
rite. Produet and condensate were collected and weighed at 
the end of a run. Usually, « series of runs was made at one 
feed rate and with different jacket steam pressures. The fol 
lowing procedure was used: 

1. Feed was started and the evaporator allowed to come to a 

steady state. The first run usually was with a low steam 

pressure. 

2. Simultaneously, the weight on the feed scales was noted, 
containers were placed for the product and condensate, 
and a timer was started. 

3. The run was usually terminated when 50 lb of feed had 
been introduced. At this point, the timer was stopped, 
and the product and condensate containers were with 
drawn, 

4. The steam pressure was set to a new value without inter- 

rupting the feed. 
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5. The produet and condensate were weighed and samples 
collected. Samples were held at 32° F while awaiting 
viscosity and total solids determinations. The fact that 
viscosity measurements could be reproduced over extended 
periods of time indicated that the duration of storage did 
not affect the results. 

6. Thermocouples were used to measure the evaporator inlet, 

product, and steam temperature. The feed material was 

at room temperature, which was substantially 70° F in 
these runs. 


Sample inspections. Total solids were determined by oven 
drying for all fruit feed and product samples. Solids content 
of the corn syrup samples was obtained from refractomete 
readings. Viscosity measurements were made with a coaxial 
eylinder viscometer constructed in the Agricultural Engineering 
Department of the University. The design of this viscometer 
is similar to that used by Christiansen, Ryan, and Stevens (1), 
but several improvements were incorporated. Basically, the 
viscometer is a narrow-gap instrument with provision for vary 
ing the speed of rotation of the outer cylinder over a wide 
range. Data presented in this paper were obtained by manually 
recording the torque on the inner eylinder as the speed of rota 
tion of the outer cylinder was changed. The temperature was 
held at 80° F. A few Bostwick consistometer readings were 
made, although consistencies of the concentrates were usually 
so great that no Bostwick readings could be obtained. Because 
the purpose of these studies was to evaluate evaporator per 
formance with respect to the fluid viscosities and because of 
the unknown history of the canned fruit puree used, other 
chemical and physical tests of interest in evaluating food qual 
ity were not made. 


RESULTS AND DISCUSSION 


It was found possible to produce fruit concentrates 
of about 60°, total solids. These concentrates have a 
consistency resembling that of a stiff grease and are 
far higher in concentration than can be produced 
with fruit purees in conventional vacuum pans. The 
limit on concentration lay in the ability of the high 
consistency product to flow down the evaporator and 
into the discharge nozzle. Heat damage appeared to 
be slight. A few qualitative comparisons between feed 
materials and samples of products reconstituted to 
the original concentration showed no apparent differ- 
ences in color or taste. No viscosity measurements 
were made on samples reconstituted to the original 
concentration, so the extent of viscosity degradation 
is not known. Burn-on was insignificant except in 
localized areas where irregularities in the heating sur- 
face prevented good contact with the wiper blades. 
Minor modifications in the construction of the evapo- 
rator to improve product removal and wiper blade 
contact would undoubtedly permit going to higher 
concentrations. 

Operating data, results of product inspections, and 
calculated heat transfer coefficient are given in Table 
1. The viscosity parameters K and n were obtained 
from plots as shown in Figures 3, 4, and 5, for apri- 
cots, peaches, and pears, respectively. The data are 
plotted as pw, vs y, so that the slope of the line, as indi- 
cated by Equation (4), is equal to n—1. Thioxo- 
tropic effects in these materials were found to be 
negligible. Inspection of the figures shows that there 
is little variation in the slopes of the lines among all 3 
products, indicating that the value of n is relatively 
constant. The difference among the various products 
is shown by the values of K. It may be inferred from 
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VISCOMETRIC BEHAVIOR IN RELATION TO EVAPORATION OF FRUIT PUREES 


TABLE 1 


Evaporator performance 


Rates Tota! solids 
R lb/hr wt % 
un No 
Feed Prod 


coefficient 


the discussion in the introduction that the value of n 
indicates the extent of departure from Newtonian 
behavior, whereas K is more nearly a measure of the 
viscosity or consistency. The small variation among 
values of n for the different products and concentra- 
tions accounts for the fact that single point con 
sistency measurements can frequently be used with 
good results. As would be expected, the value of K 
increases in a regular manner with eoncentration. It is 
well known, however, that consistency (and therefore 
K) can be changed by various thermal, chemical, and 
mechanical actions, and it is not recommended that a 
quantitative relationship between K and conecentra- 
tion be defined until more is known about these latter 


effects. One measurement made at a temperature of 


105° F, corresponding to a typical evaporator tem- 
perature, showed a decrease in viscosity of about 25% 


Temperature 


Steam 


j 
Tabulated viscosities of the 


from the value at 80° F. 
corn syrup were adjusted to correspond to the aver- 
age evaporation temperature 

Heat transfer rates were calculated by making heat 
balanees around the evaporator. The caleulation re- 
quires a knowledge of specific heats of the feed and 
product materials. Calorimetriec measurements showed 
that the specific heats are equal to within 1 or 2% to 
1.0 minus one-half the weight fraction of total solids. 
Over-all heat transfer coefficients are based on the 
known heat transfer area and the difference between 
the steam and average evaporator temperature. The 
resistance to heat transfer in the stainless steel 
evaporator wall was about half the total resistance. 
An accurate measurement of the wall thickness could 
not be made, so that it was not possible to calculate 
dependable values of the inside film coefficients. 
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' 
scosity Ht tr C. 
Evap K n U* 
PEACH 
1.4 (Feed) 
1 36.3 108 10.9 40.1 101 234 7.8 85 5 219 an 
9 25.5 118.5 10.9 19.8 105 274 27.8 855 134 188 r 
29.3 114 10.9 19.6 108 303 152 .B7 157 
1 21.5 116.3 10.9 58.4 107 415 4400 150 
5 272 135 10.9 17.0 102 232 13.8 0.55 294 
6 189 186 10.9 21.9 106 168 f 21 1.55 315 e 
7 159 211 10.9 26.0 111 294 27 154 1.40 316 
R 138 229 10.9 20.6 11¢ 314 27 18 ) 4 316 
9 61.6 165 10.9 111 7 38 223 
PEAR 
5 (Feed) 
5 10 107 168 15.2 24.3 17 231 1.4 7.5 tt) 339 
11 101 162 15.2 13.4 104 TO 264 
: 12 93 120 15.2 17.6 107 298 27 497 } 258 
13 oR 4 188 15.2 39.5 114 14 26.8 645 3 256 
14 53 108 15.3 17.6 112 233 29 120% ( 242 
15 17.9 112 15.3 51.3 11 26R 205 194 
16 51 109 15.6 49.3 11 292 29 17 ( 165 : 
4 17 51.6 107 15.6 15.8 115 313 ) 1500 0.3 132 
APRICOT 
54 au Feed) 
18 63.2 95.5 17.7 14.5 118 234 28.4 37 226 
19 54.9 110 17.7 51.4 118 27¢ 3.4 108 Mh 190 io 
20 42.7 112 5.2 118 297 152 t4 169 
17 115 17.7 59.3 121 113 163 
oO” 63.4 92 16.7 41.4 120 236 7.3 410 35 219 7 
23 17.7 46.2 16.7 5.4 191 239 l 293 - 
24 108 24 16.7 23.0 169 239 l 112 0.35 159 ‘a 
CORN SYRUP sity centipoise : 
5 47 116 14.0 te 4 89 254 238.4 212 
26 1i4 14.2 54.5 85 269 8.4 10. 164 
23 119 14.2 63.6 87 292 28.4 154 
28 25 118 14.2 72.5 88 293 8.4 1 153 me 
29 154 141 14.8 29.6 8 231 247 
F 113 175 14.5 16.4 G7 7.9 262 
6 183 14.3 10.8 294 7.7 240 
32 160 14.3 16.9 27.8 189 
a7 170 15.1 41.5 11 27.2 226 
4 245 127 14.0 23.0 1 238 27.7 245 }. 
5 214 169 14.3 25.0 270 252 
16 193 197 14.3 29.0 7 262 
17 159 210 14.0 1.0 105 7 14.9 275 
18 258 108 20.6 0.0 109 230 7 1.8 239 
19 208 156 21.1 16.2 11 965 6.9 270 
40 192 177 21.2 19.4 11 293 26.8 1.3 259 
41 186 11.3 42.0 112 310 6.8 24 256 
WATER 
2 58 212 7 250 8 71 360 
72 243 100 275 68 360 
i4 a5 104 297 7 65 380 
45 114 321 107 13 f 400 
U is over-all heat transfer Btu/(hr ft?)(° F) 
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and the difference between steam and evaporator 
temperatures. 
; Despite the uncertainties caused by the effects dis- 
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Figure 3. Viscosities of apricot purees. 


It should be noted that local values of the inside 
film coefficient would be expected to show a marked 
decrease from the top to the bottom of the evaporator. 
At the top, the consistency of the fluid is low and the 
rate of evaporation high, and the coefficient should be 
high. At the bottom, the high consisteney of the con- 
centated product and the low rate of evaporation re- 
sult in a low coefficient. The over-all coefficient for the 
evaporator averages the range of these extremes into 
a single value. In order to establish firmly the effect 
of concentration on heat transfer coefficient, a num- 
ber of experimental runs would be required with only 
a small change in concentration, so that fluid proper- 
ties would remain reasonably constant. Coefficients 
will also depend on the ratio of sensible to latent 
heat. Coefficients for heating are ordinarily substan- 
tially lower than for evaporating, so that higher 
evaporating temperatures for the same feed tempera- 
ture will result in lower over-all coefficients. Other 
variables which might affect the coefficients but which 
were not specifically studied are feed rate, rotor speed, 
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Figure 4. Viscosities of peach purees. 


cussed above, inspection of the tabulated data shows 
that the value of the over-all coefficient depends pri- 
marily on the value of K or ». Figure 6 is a plot of 
over-all coefficient against the average of the feed and 
product K values for the fruit runs. Figure 7 is a 
similar plot for the corn syrup and water data using 
average viscosity rather than K. Because the effect 
of temperature on the viscosities of the fruit materials 
is slight compared to the effeet of concentration, 
deviations caused by failure to correct fruit viscosities 
to the evaporator temperature are well within the 
scatter of the data. In view of the various uncer- 
tainties, the correlations are remarkably good. An 
additional cause of scattering of the data is burn-on. 
In the last 4 pear runs listed in the table, the rate of 
evaporation did not change although the steam tem- 
perature progressively increased. Inspection of the 
evaporator showed a much larger than usual amount 
of burn-on. The effect of a high sensible heat require- 
ment is shown by run 24, in which the feed had to be 
heated to 169° F for evaporation to begin. The co- 
efficient falls significantly below the level of those 
plotted in Figure 6. The last two pear runs and the 
last apricot run are not plotted on Figure 6 because 
the deviations noted above would tend to obscure the 
results. The correlations shown in Figures 6 and 7 
obviously are not sufficiently refined to serve as a firm 
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Figure 6. Over-all heat transfer coefficients with fruit 
purees. 
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Somewhere in the Himalayas, man may find the answer to one perplexing trace 


problem...who or what is the“Abominable Snowman’? At Evans Research, track- 
ing down answers to industry’s trace problems is one of our important activities. 
«y Highly advanced gas chromatography, diversified spectroscopic facilities, radio- 
chemical and biochemical techniques are some of our}tools. But always, it’s the 


man behind the tool who climbs RESEARCH 


the mountain. Write for our new | MQ AND DEVELOPMENT CORPORATION 


brochure on trace analysis. °*"",;°; HMAMNMNNE. «250 East 43rd Street, New York 17, New York 
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Figure 7. Over-all heat transfer coefficients with corn syrup 
and water. 


engineering design basis. In the absence of more 
suitable correlations, however, they have considerable 
utility both in preliminary design and plant opera- 
tion. In actual plant operations, normal variations in 
raw materials could be expected to cause greater 
changes in performance than are represented by the 
scattering of the data. 

Because of the small variation in values of n, it was 
not possible to inelude the effect of this variable in 
the correlation. It is of imterest, however, to com- 
pare the results shown in Figures 6 and 7. Corn 
syrup and water, being Newtonian fluids, correspond 
to n equal to 1.0. To put the two curves on the same 
basis, viscosity in Figure 7 should be divided by 100 
to give units of poise instead of centipoise. On this 
basis, it is seen that the heat transfer coefficients are 
approximately the same for a ratio of K to » of 10', 
indicating that performance with a pronounced non- 
Newtonian is far superior to that of a Newtonian of 
the same apparent consistency. This result would be 
predicted from a knowledge of the viscosity behavior 
of the two type of fluids. One might expect roughly 
the same performance under conditions such that the 
apparent viscosities of the two fluids are equal. Con 
sistencies are measured at very low shear rates, where 
the apparent viscosity of a pseudoplastic is high (see 
Figure 1), and the viscosity of a Newtonian would 
have to be very high to give the same consistency as 
the non-Newtonian. In the evaporator, where the ma- 
terial is being rapidly sheared by the wiper blades, 
conditions correspond to a point of low apparent 
viseosity of the pseudoplastic, and the viscosity of the 
equivalent Newtonian would be low. This result 
would not be observed in a conventional vacuum pan, 
where the material is not subjected to rapid shear 
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FRUIT PUREES 


RECOMMENDATIONS 


Much more work, both experimental and analytical, 
is obviously needed in order to establish the relation- 
ship of non-Newtonian characteristics of food ma- 
terials to the design and operation of processes in- 
volving flow and heat transfer systems. Plant opera- 
tors, particularly, should note the inadequacy of single 
point viscosity determinations to characterize these 
fluids in relation to equipment performance and 
should, wherever possible, obtain more complete vis- 
cosity Measurements 


SUMMARY 
The performance of a wiped film evaporator in con- 
centrating apricot, peach, and pear purees was in- 
vestigated and the viscosity characteristics of the 
products established. It was found that the Viscosity 
behavior was well represented by the equation 


T Ky' 


Over-all heat transfer coefficients correlated well with 
values of K, and performance was found to be much 
better for non-Newtonian fluids than for Newtonians 
of equivalent consistency. 
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area, em 

F force, dynes 

K,n viscosity pal eters for pseudoplastie fluid 

m ** eoefticient rigidity’’ or ‘‘ plastie viscosity’’ for 

Bingham plastic 

u velocity, en 

U over-all heat transfer coefficient, Bt hr tt I 

x distance, em 

shear rate, du xX, 
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Firmness of Tomatoes’ 
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Sr DIES OF THE Objective determi- 
nation of tomato firmness have been rather limited. 
Fischcer and Sengbush (17), in 1935, measured firm- 
ness by placing the fruit under a cork attached to a 
fulerum. A weight was shifted along the fulerum 
until the tomato split. The readings were found to be 
affected by diameter of the fruit and the exact time 
of splitting was difficult to determine. In 1938, West 
and Snyder (10) used a Chatillion penetrometer and 
Paech (9) used a pressure tester to determine firmness 
of tomatoes. Changes in firmness of tomatoes with 
maturity were studied in 1944 by Lutz (7) using a 
pressure tester. The foregoing methods were either 
too slow or insufficiently accurate for practical use. 

The first successful attempt to obtain objective 
measurement of tomato firmness similar to that as 
determined by hand was made in 1952 by Hamson (3), 
who developed the Cornell pressure tester. Firmness 
was measured by the compression of a given weight at 
one point on the fruit. Of much interest are some 
more recent instruments. In 1957, Kattan (4, 5) re- 
ported the development of the Firm-o-meter, which is 
based on a multi-point-compression principle. Me 
Collum (8) developed an instrument known as the 
McCollum Firmness Meter in 1957. In 1959, the 
Asco* Firmness Meter was commercially produced, 
the principle of operation being that developed by 
Kattan (4, 5). The present study was conducted in 
order to evaluate the three latter instruments—the 
Firm-o-meter, the McCollum Firmness Meter, and 
the Asco Firmness Meter 


MATERIALS AND METHODS 


McCollum Firmness Meter. This instrument (Figure 1A) 
was constructed in this laboratory to measure firmness of 
tomato flesh as deseribed by MeCollum (8). The procedure and 
mode of operation are as follows: The center slice, % in thick, 
is cut from the tomato and placed on a flat stainless steel plate. 
A glass container is placed on a plunger which is then placed in 
position on the tomato slice \ solenoid valve is opened by 
tripping a mereury switch, thus starting a flow of water into 
the container. When the combined weight of the water, con 
tainer, and plunger punctures the flesh of the slice, the mer 
cury switch automatically stops the flow of water. The more 
water in the container, the firmer the tomato flesh. The glass 
container is calibrated so that readings can be made to 0.2 of a 


unit, a unit being equal to 35 ml of water. 
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Instruments to measure tomato firmness. 1A. 


Figure 1. 
McCollum firmness meter; 1B. Firm-o-meter. 1C. Asco firm- 
ness meter (Model 1). 


Firm-o-meter. This instrument (Figure 1B) used at Purdue, 
was made according to instructions provided by Kattan (¢ 
Instructions for its operation are detailed in Arkansas Farm 
Research ) and in the Proceedings of the American Society 
of Horticultural Science (4). 

Asco Firmness Meter (Model 1). This instrument 
1C) was designed on the same principle as the Firm-o-meter 
The tomatoes are placed inside a loop of a specially designed 
chain as with the Firm-o-meter. A pre-stress weight of 1 kg is 
applied to the right end of the chain for 15 see and then fixed in 
position by a friction brake. This also fixes the equivalent di 
ameter dial so that this value can be recorded. A 1% kg test 


Figure 


weight is then applied for 15 see to the left end of the chain by 
releasing a second friction brake.“ This friction brake is ther 
set to fix the firmness value in position. A mirror was used dur 
ing these studies to insure that the fruit were placed uniformly 
in the instrument. 

Reproducibility of the Firm-o-meter and the Asco Firmness 
Meter. In order to determine the reproducibility of measure 
ment with the Firm-o-meter, firmness values were determined 
on 12 fruits. Firmness values were again determined on the 
same 12 fruits following random rearrangement. Reproduci 
bility of the Asco Firmness Meter results was determined in 
the same manner but with different fruit. 

Comparison of instruments. Individual fruits were harvested 
in varying stages of maturity and used to determine the rela 
tionship of firmness as determined by the various instruments. 
First, firmness values were obtained with one of the instruments 
Then firmness values were again determined with a second in 
strument using the same fruits which had been randomly re 
arranged. All possible combinations of instruments were com 
pared in this manner. 

Comparison of Asco firmness determinations with panel 
determinations. Four groups of 10 tomatoes each were used, 
Groups were selected on the basis of the different ranges of 
firmness values as determined by the Asco Firmness Meter. 
Panel members were instructed to rank 4 fruits in order of 
firmness; one fruit from each of the 4 firmness groups men 
tioned above. The same fruits were then placed in storage at 
15.5° C overnight and presented to the same panel members on 
the following day. The panel was unaware that they were be 
ing presented the same fruit for evaluation on the 2 consecutive 
days. To prevent undue firmness changes caused by handling, 


evaluation by the panel members of any one lot (set of 4 to 


matoes) was limited to 2 judgments. A cloth covered platform 
was used to eliminate visual bias on the part of the panel mem 


* Modification of the instrument made at Purdue. 
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bers in making firmness judgments, Routine random placement 


of fruits under the platform was practiced in presenting any 


lot for panel evaluation. 


RESULTS AND DISCUSSION 


The reproducibility of the Firm-o-meter and the 
Asco Firmness Meter readings. A highly significant 
correlation was found between firmness values ob- 
tained from 2 measurements on the same fruit as indi 
cated by the data in Table 1. 
found whether the Asco Firmness Meter or the Firm- 
o-meter was used. Of special significance when using 


This relationship was 


the Firm-o-meter was the fact that extreme care had 
to be taken in the operation of this instrument to re 
duce human error. After the 2 firmness values were 
obtained on the same fruit with the Aseco Firmness 
Meter, the second reading, in most instances, was 
smaller. This may be the result of cellular structure 
compression during the first measurement or to a 
greater amount of compression by the pre-stress weight 
during the second measurement. The reproducibility 
of the McCollum Firmness Meter could not be de- 
termined since the tomatoes were altered in the first 


TABLE 1 


Reproducibility of the Asco Firmness Meter 
and the Firm-o-meter 


\ mr s meter 
Fruit number Measure Measure Measure Measure 
ment ment ment 
2 
1.4 7 8.0 
1.8 1 10.0 
1.4 f 
i l 
‘ 1 0 
7 
r i aR 


measurement such that further firmness determina 


tions could not be made 

Comparison of instruments: The MeCo!lum Firm 
ness Meter was designed to measure the amount of 
force required to obtain a given amount of strain 
The force, represented by the amount of water re 


quired to puncture he tomato slice. WaS then reported 


as the firmness of tomato flesh. The Firm-o-meter and 
the Aseo Firmness Meter were designed to measure 
the amount of strain or compression resulting from 
the application of a given force. This compression, 
measured on a graduated seale, was then reported as 
the firmness of intact tomatoes. Firmness values 
determined with the Asco Firmness Meter were found 
The data in 
Table 2 illustrate the general relationship between 


to be independent from diameter (2). 
fruit maturity and firmness as determined by the 3 
instruments. 

Firmness values obtained with the McCollum Firm- 
ness Meter were not correlated with firmness as meas 


ured by the Firm-o-meter (Table 3 However, a 


INSTRUMENTS TO MEASURI 


TOMATO 


RMNESS 


TABLE 2 


The general relationship between fruit maturity 
and firmness values* 


McCollum 


G n mature 1.0 15.0-—30.0 
Ripe ~ ».0—15.0 
‘ 0.0 5.0 
The above i g id i te that all fruits 
diferent mat f ! values in these 
TABLE 3 


Comparison of firmness as measured by the 
lifferent instruments 


Correlation 
Coefficient 


highly significant correlation was found between 
values obtained with the Aseco Firmness Meter and 
the McCollum instrument. Firmness values deter- 
mined by the Aseco Firmness Meter and the Firm-o- 
meter were significantly related. Since the Asco Firm- 
ness Meter and the F 


same principle and are 


irm-o-meter were designed on the 
supposedly measuring the 
same factor, the 2 instruments would be expected to 
show the same relationship with values determined 
with the McCollum instrument 

The many improvements in addition to the basic 
design of the Fir -meter that have been incorpor- 
ated into the Asco Firmness Meter may explain the 
above data. Firmness values could be read accurately 
to ‘49 Of a unit with the Asco Firmness Meter where- 
as the Firm-o-meter could be estimated only to the 
nearest 44 of a unit. The fruit were pre-stressed with 
the Asco instrument to insure that all fruit were 
firmly in place before the test weight was applied. 
The Aseo F rmness Meter also 


0 position whk liminates error that might be 


ontains an automatic 


present in positioning the measurement pointer on the 
l’irm-o-meter. 

Comparison of Asco firmness determinations with 
panel determinations. he average agreement values 
Table 4) were obtained by first determining the 


judgment error in relation to actual fir mness values as 
determined by the Asco Firmness Meter. The judg 
ment error was ti mverted into per cent agree- 


ment by proportionately relating this value to the 
total possible ranking error. The following example 


will illustrate the determination of judgment error 


and per cent agreement 
Example: Asco Firmness values and observer rankings 


\ Observer 


i rank 
4 1.85 5.75 l 
4 5.25 2 
4 9.15 +. ] 


- 2 ine 
3 
4 
‘ 
% 
—0,07 4, 
; Significar 
baad 
4 
a 
Fruit 
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TABLE 4 the sets of tomatoes were very accurately ranked by 


The average percent agreement of panel firmness ' 
evaluation with Asco firmness values 


Firmness values Average % agreement? 
Set No Tomato No 

, A Observer 1 Observer 2 

1 4 5.0 5.25 9.15 100.0 98.5 

2 1.5 4.5 5.5 7.55 58.6 47.7 

$.15 4.95 6.2 6.65 Teen 72.7 

4.1 4.75 ».6 7.5 46.0 51.5 

5 4.2 5.0 ».65 6.3 65.0 74.5 

6 9 1.6 6.6 96.0 92.0 

7 1.05 5. 5.25 6.45 50.0 835.8 

8 355 4.9 5.5 8.7 97.5 97.5 

4.15 6.4 89.6 100.0 
1 Panel composed of 18 people, each person evaluating one set of 4 

tomatoes with each set being evaluated by 2 people 

2 The average % indicates the agreement of each observer with rank 
ing of instrument. Each observer evaluated one set of fruit on 2 suc 


cessive days 


Determination of judqment error: 


1. Fruit number 1 was placed correctly over fruits number 2, 
3, and 4. Thus, there was no error in judgment in the place 
ment of this fruit. 

2. Fruit number 3 was placed over fruit number 2, which 
does not agree with the instrument ranking. Therefore, a 
judgment error of 0.25 or the firmness difference between the 2 
fruits is charged against the observer. 

3. Fruit number 3 was placed correctly over number 4 and 
fruit number 2 was correctly placed over fruit number 4. Thus, 
no error in judgment is present in the placement of these fruits. 

4. A total judgment error of 0.25 is charged against the 
observer as compared to the values determined by the Asco 


instrument. 


Determination of total possible error: 

1. The greatest possible error in placement of the fruit 
would be to completely reverse the order as determined by the 
instrument. 


2. Under these conditions fruit number 4 would be placed 
incorrectly over fruits number 3, 2, and 1. The total error in 
placement of this fruit would be determined by adding the 
differences between fruit number 4 and each of the other fruits. 
a. The difference between number 4 and number 1 is 5.75. 
b. The difference between number 4 and number 2 is 4.15. 


ce. The difference between numbers 4 and 3 is 3.90. 
3. The total error for placement of fruit number 3 was de 
termined in the same manner. 
a. The difference between numbers 3 and 2 is 0.25. 


b. The difference between numbers 3 and | is 1.85, 


4. The total error for placement of fruit number 2 was de 
termined in the same manner. 
a. The difference between numbers 2 and 1 is 1.60, 
5. The total possible error for this set of fruit was then de 
termined by addition of the differences. 


a. 17.50. 


Determination of per ce nt agreement: 

1. The total possible error (17.50) minus the judgment 
error (0.25) gives the total points in agreement (17.25). 

2. The points in agreement divided by the total possible 
error times 100 gives the per cent agreement, Thus, for this 
example, per cent agreement would be: 


17.25 + 17.50 X 100 = 98.5% agreement 


This method of evaluation is not ordinarily used 
and is presented here only to show that a majority of 


the observers. Although this was a very critical evalu- 
ation of ranked data, the lower agreement values 
could still be considered as acceptable. The data were 
also analyzed statistically using rank correlation pro 
cedures ; they indicated a highly significant relation- 
ship between firmness rankings on the same fruit by 
different panel members. A highly significant rank 
correlation was also found between panel firmness 
evaluations and firmness values determined by the 
Asco Firmness Meter. Thus, the Asco Firmness Meter 
is apparently measuring firmness of tomatoes that 
simulates measurement by compression in the hand. 


SUMMARY AND CONCLUSIONS 
The Firm-o-meter and the MeCollum and Aseco 
cirmness meters were evaluated. Data indicated that 
the Asco Firmness Meter was measuring firmness it 
the same manner as the Firm-o-meter. It was also 
found that the Asco Firmness Meter was measuring 


firmness in a manner similar to that determined by 
compressing the fruit in the hand. Flesh firmness of 
tomatoes as measured by the MeCollum Firmness 
Meter was found to be correlated with firmness as 
measured by the Asco instrument. 

It appears that the Asco Firmness Meter would be 
a valuable tool in the breeding program for fresh 
tomatoes as well as in a quality control program with 
fresh tomatoes. The MeCollum Firmness Meter ean 
be used as a tool in the selection of firm fleshed tomato 
varieties, but due to its characteristics, it could not 
be very handily used in a quality control program 
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Emulsion Formation in Finely 
Comminuted Sausage 


(Manuscript received May 15, 1960 


Savsser traditionally hes 
been an art, and manufacturing procedures have been 
developed largely on an empirical basis. The knowl 
edge and processes thus developed have made possible 
the production of excellent quality sausage under 
desirable conditions. However, when complications 
such as fat or water separation occur during process- 
ing, an inadequate understanding of the factors in- 
volved makes it difficult to select the proper corrective 
measures, 

The first step in the manufacture of wieners con 
sists of preparing a finely comminuted batter. The 
two main components of this batter are the muscle pro 
tein slurry and the subdivided fat particles. Wiener 
batter is therefore commonly referred to as an emul 
sion of fat globules in a continuous fluid protein 
phase. In subsequent heat processing the protein of 
the wiener is coagulated. If all goes well, the fat and 
water are retained, and a normal finished sausage 
results. However, there are times when fat and water 
separation occur during heat processing and the solu- 
tion to this problem is not readily apparent. 

One method for improving our understanding of 
sausage emulsions and their stability might be to 
examine samples microscopically This was the 
approach taken in this study. 


METHODS 


Preparation and staining of sections. Kxamination of a 
smooth, freshly cut wiener surface using a wide field microscope 
is not too revealing of tissue phenomena since no indication of 
structure is given. One sees only a moist, glistening surface 
containing some depressions due to air holes 

To be effeetive, mierc scopic examination of tissue requires 
the use of thin sections of the samplk , sliced off by means of a 
microtome. A number of techniques are used by histologists to 
prepare tissue samples for sectioning, and for staining the see 
tions when attached t« glass slide. One method requires com 
plete dehydration of th sample with solvents, or by means of 
freeze drying, so that it can be embedded in paraffin and then 
sectioned. When used on wieners, however, these teehniques 
resulted in samples that were so badly shrunken that their 
microscopic appearance could not be expected to portray ac 
eurately the original wiener structure. 

The most satisfactory microtome slices were obtained using 
the frozen section technique. The wiener samples were fixed in 
formol saline (3) and sections 25 microns thick were eut off 
using a freezing microtome. Gelatine adhesive (3) was used 
tor attaching the sections to glass mic roscope slides. Heiden 
hain’s stain (3) gave a desirable differential staining of muselk 
and connective tissue in wiener batter: musele protein was 
stained bright red while collagen was stained bright blue. How 
ever, in finished wieners the color differential was not as sharp 
since the muscle protein stained more purple. 

Batter samples were hardened by first stuffing into a cellu 
lose easing and then submerging in formol saline for a few 
days. The easing could then be peeled off and a sample eut 
from the rigid link for microtome sectioning. 

Staining of fat globule membrane. Techniques have been 
developed for staining the protein membrane surrounding the 
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fat globules in milk (4 was found that they could be 
applied to wiener tter if i first diluted 1:5 with 7% 
NaCl solution an ‘ | speed for 15 seconds in a 
Waring blender. Microscope slides dipped into the diluted 
batter were wiped ¢] side and then allowed to air dry. 
\fter fixing in ethy defatting with xylene, the 
protein residue was staine: i an equal mixture of Ziehl’s 
earbol-fuchsin and Oe ’s alkaline methylene blue (6) 
diluted with 3 parts of water. 

Separation of connective tissue from batter. The method of 
Lampitt, Baker and Brown 


nective tissue from batter samples. The total connective tissue 


was employed to separate con- 


neutralizing and washing was spread out on a glass plate 
for photographing the actual size of the fragments. 
Preparation of emulsions using protein solutions. A number 
of clear protein solutions were prepared and used to make 
emulsions in the laboratory. Water soluble proteins were ex- 
tracted from beef 1 pork. Salt soluble proteins were ex- 
tracted from fresh pre-rigor beef, post rigor beef, and pork, 
using 7% Extractions were all made at 32° F 
0° ©) using moderate agitation for about 1 hr. The clear ex- 
tract was separated by centrifugation and standardized to 2% 
protein 
Clarified pork fat 
fatty tissue through 


prepared by grinding mixed pork 
warming it up to 130° F 
54.4° C) with steam, centrifuging, and finally vaeuum filter- 
ing through paper. The fat was chill 32° F (0° C) before 
use, 
Emulsions wer¢ a ising pre-chilled blender jars at 
or (ec Two h d ml protein solution and 15 g of 
clarified pork fat together until a temperature of 


F (15.6° C) w: 


RESULTS 


Appearance of batter at progressive intervals during a normal 
chopping process. Samples of wiener batter were taken after 
1, 5, 8, 10 and 12 min of chopping for microscopic observations. 
These were fron y b production size batch chopped to 
62°F (16.7° ¢ 1 12 in. Photomicrographs of stained 
frozen sections taken are shown in Figure 1. The muscle 
fibers and fat e ills are readily apparent in the initial 
, | largely broken up in the 


stages of chopping 


first few minutes, but disintegrated more 
slowly. 

The size and shape of connective tissue fragments was also 
checked at these inter, observable as blue chunks 
n the above frozen ous. When observed microseopically, 
the pieees of connecti varied considerably in size and 
shape. To get a} é lea of the actual particle size range, 
the connective tiss from the batter and photo 
graphed. Figure show ive tissue after 1 min and 
ifter 12 min of chopping. These two samples are from the same 
‘hopping batch and ntain the connective tissue from 10 g of 
batter. There appears to be very little, if any, size reduction 
of these tough pieces 

The batter samples taken at these progressive intervals were 
stuffed into cellulose « igs and given a normal smoking and 
cooking process. Excessive fat separation took place in links 
when the batter h: been chopped for only one minute. Batter 
chopped for 5 min held the fat better but some fat separation 
oceurred. No fat separation occurred when wieners receiving 
8, 10 and 12 min of chopping were smoked. 

Variation from standard chopping temperatures. Figure 3} 
shows photomicrographs of stained frozen sections of wiener 


batter taken at 50 These were from 13 lb batches produced, 
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Fig. 1—Wiener batter at progressive intervals during 

chopping (magnification 50x and enlarged 4 times). 

(A) 1 minute, (B) 5 minutes, (C) 8 minutes, (D) 10 
minutes, (E) 12 minutes. 
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EMULSION FORMATION IN FINELY COMMINUTED SAUSAGE 


Figure 3. Wiener batters chopped to various final temperatures (magnification 50» and enlarged 4 times). (A) 51° F (10.6 
C), (B) 65° F (18.3°C), (C) 72°F (22.2°C), (D) 74° F (23.3°C), (E) 80° F (26.7°C), (F) 81° F (27.2°C). 


using a small experimental silent eutter. A number of time however, the disintegrated muscle protein formed a continuous 
and temperature combinations were employed. Typical de matrix eovering the it dual fat globules. 

sirable appearing tters were obtained with final chopping Higher final chopping tem] ures were obtained by using 
temperatures of 5 10.6° C), 65° F (18.3°C) and 72° F warm water insté f cold water and ice in the wiener formu 
(23.2° C However, the fat globules in batter chopped to only tion. Chopping t na atter temperatures of 74° F 


51° F (10.6° C) appeared to be somewhat larger. In each ease, 23.3 ¢ ind 80 6.7 resulted in the protein matrix 
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Fig. 5—Fat globule membrane formation in various 
protein solutions (magnification 50x and enlarged 4 
times). (A) Water Soluble Pork Proteins. (B) Water 
Soluble Beef Proteins. (C) Salt-Soluble Pre-rigor Beef 
Proteins. (D) Salt-Soluble Post-rigor Beef Proteins. 
(E) Salt-Soluble Post-rigor Pork Proteins. 
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MOST-VERSATILE SUGAR KNOWN 


low sweetness 

® soluble, uniform 

® free flowing, anti-caking aid 
flavor-enhancing 

® pigment-absorbing 


valuable nutritional properties 


® crystallization contro! 
=> 


Lactose is an amazing sugar with unlimited uses. It can improve your 
present products and help you develop new ones. It can lower your 
costs, simplify your processing. New uses are being discovered for it 
every day. 

Only Westernfcan supply Lactose (edible) in the full range of par- 
ticle sizes required for various food applications. Strict chemical and 
bacteriological specifications and a rigid quality control program assure 
highest quality. 

Take a fresh look at the characteristics of Lactose. One of them may 
help solve the problem you are working on right now. For free samples 
and information, write our Technical Service, Department 24K, (Tell 
us the applications you are considering.) 
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lactose 


WESTERN 
CONDENSING 
COMPANY 


Appleton, Wisconsin 


World's Largest Producer 
of Lactose-Pure Milk Sugar 


Distributed Nationally by Chemical Department, McKESSON & ROBBINS, INC. 


568A 


— 
\ > 4 
‘ 
| 


PROTECTIVE COLLOID 
BINDER 


COATING 


JELLING AGENT 
EMULSIFYING AGENT 


HIGH PROTEIN FOOD 


The young lady is demonstrating 
the clarity of Swift's Superclear 
Gelatin. The cake, about 2% 
inches thick, is made from a 
10% solution. 


i wih cant SWIFT'S GELATINS 
help ANSWER YOUR NEEDS 


Sales potential - Gelatin is a versatile food . . . capable of doing many 
things well. But most important to food processors, 
of other food products. gelatin is a concentrated food protein of high purity. 
And, protein is a business at Swift. As both a pro- 
ducer and a user of gelatin products, Swift & Com- 
pany has been a pioneer in the development, pro- 
duction, and application of gelatin to specific uses. 
If you use protein colloids . . . or if your process 
requires any functions noted above—Gelatin, the 
high purity food protein, may be the answer, and 
SWIFT IS THE INFORMED SOURCE. 


Write today for details: 


SWIFT & COMPANY, 
GELATIN DEPARTMENT 
1215 HARRISON AVENUE, KEARNY, NEW JERSEY 


105™ YEAR with specialized gelatins GE-27 
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EMULSION FORMATION 


' 2 a ' 

Figure 2. Connective tissue in wiener batter before and 
after chopping. (A) Chopped 1 minute, (B) Chopped 12 min- 
utes (Scale is in inches). 


being partially broken down, However, fat separation still did 
not d6ecur when these wieners were smoked. The protem matrix 
was apparently still intact enough to lock the fat globules in 
place. 

Chopping to final batter temperatures of 81° F (27.2°C 
and higher resulted in completely breaking the protein matrix. 
When these wieners were smoked, extreme fat and water sepa 


ration occurred. 

Presence of a fat globule membrane in wiener batter. Figure 
$ shows a typical photomicrograph of stained diluted wienet 
batter taken at 50. This figure shows the concentration of 
protein to form an intact skin around the fat globules in 
wiener batter. 

Proteins which form the fat globule membrane. Microscopic 


slides were also prepared of emulsions made in the laboratory, 
using various protein solutions and clarified pork fat. These 
were also examined under 50% magnifieation. The fat globules 
in the salt-soluble protein emulsions were covered with a thin, 


more deeply stained protein membrane. The fat globules in the 


water soluble protein preparations resulted in clear holes in the 


stained protein film, No concentration of protein was apparent 
at the fat globule surfaces. Photomicrographs showing these 
stained preparations are given in Figure 5. 


DISCUSSION 


The above microscopic observations, made on 
stained frozen sections, give some insight into the for- 


oul 
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Figure 4. Fat globule membrane in wiener batter (magni- 
fication 50 and enlarged 4 times). 
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mation of wieners. The chopping treatment breaks up 
and disperses the fat in the protein slurry to form an 
emulsion. This must be accomplished with sufficient 
temperature rise to partially soften the fat and facili- 
tate its dispersion without getting a temperature so 
high that protein denaturation and breaking of the 
matrix begin to occur. 

The presence of an emulsifying agent which will 
lower the interfacial tension and also form a strong 
protective membrane around the fat globules is 
usually regarded as the most important factor in pre- 
paring a stable concentrated emulsion (1, 2). This 
film must have an affinity for the fat globule but be 
non-adherent to itself and thus prevent coalescence 
when globules collide. The emulsifying agent should 
be soluble in the continuous phase but must be drawn 
to the oil-water interface and adsorbed into a concen- 
trated viscous rigid film. The concentration at the 
interface will then be considerably higher than in the 
bulk of the solution 

Stained preparations of diluted batter and also of 
emulsions, prepared by using clear protein solutions 
and clarified pork fat, indicate that such a fat globule 
membrane is formed in wiener batter. Since this mem- 
brane is formed only from salt soluble extracts, it 
appears to be composed, at least in part, of the salt 
soluble prote ins myosin and actomyosin. 


SUMMARY 


A dispersion of fat globules is formed within the 
protein slurry during chopping of finely comminuted 
sausage. The comparatively soft fat is broken up 
early in the comminution process but the globule size 
is reduced as chopping is continued, The muscle 
fibers that have a stronger structure than fat, con- 
stitute the component which determines the total 
chopping required. The fragments of tough connec- 
tive tissue formed by preliminary grinding appear to 
remain unchanged during chopping of sausage 
emulsions. 

Total chopping time must be sufficient to form a 
protein matrix enclosing the dispersed fat globules. 
The salt soluble proteins, myosin and actomyosin, 
appear to concentrate at the fat globule surfaces and 
form a stabilizing membrane. 

If excessive temperature rise occurs during chop- 
ping, the protein matrix may be partially denatured 
and broken giving rise to an unprotected fat disper- 
sion. This permits fat separation during smoking and 
cooking. 
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Characteristics of Browning Enzymes in Fay 


Elberta Freestone Peaches: 


(Manuscript received May 16, 1960) 


‘Tus ENZYMATIC browning reaction 
in plant tissues may be divided into two distinct 
groups, referred to as ‘‘funetional’’ browning and 
‘‘adventitious’’ browning (15). ‘‘ Funetional’’ brown- 
ing occurs during normal development of the plant; 
‘“adventitious’’ browning follows cell damage. The 
latter is of prime importance in the commercial freez- 
ing of peaches since this process does not inactivate 
the enzymes responsible for the browning reaction. 
These oxidative enzymes, especially peroxidase (1, 7) 
and polyphenolase (12, 14, 16, 17) may cause brown- 
ing not only during frozen storage, but also as the 
produet is thawed. 

The problem is serious because browning is gen- 
erally aecompanied by changes in color, flavor, and 
nutritive value, which greatly detract from the quality 
of the finished product (8, 9, 11). Aseorbie acid con- 
tent is reduced during discoloration of the fruit flesh. 
Adding L-ascorbie acid, which possesses antioxidant 
properties, is a convenient and practical means of 
retarding enzymatic browning in frozen peaches (2, 3, 
4, 20). The biologically inactive ascorbic acid isomer, 
p-isoascorbie acid, possesses antioxidant properties and 
has been shown to delay browning in frozen fruits 
(6, 19, 21). Reports disagree as to the relative effee- 
tiveness of the two antioxidants. 

Reported herein is an investigation of the charac- 
teristics and properties of peroxidase and polypheno- 
lase in Fay Elberta freestone peaches. The effective- 
ness of L-ascorbie and p-isoascorbic acids are ¢com- 
pared as antioxidants in enzyme-substrate model 
systems. 


EXPERIMENTAL MATERIALS AND METHODS 


Freestone peaches. Fay Elberta freestone peaches were har 
vested at straw-yellow maturity at the University Farm, Davis, 
California on August 1, 1958. The fruits were ripened at 70° F 
until they average pressure test (Magness-Taylor 
pressure tester, in plunger) of Ib. 

Forty ripe peaches were drawn at random for physical and 
Another sample was washed, halved, pitted, 
polyethylene bags. The samples were 

15° F for investigations of enzyme 


reached an 


chemical analysis. 
and vacuum-sealed in 
frozen and 
activity. 
Extraction of enzymes. For enzyme extraction, the peaches 
were removed from frozen storage, kept at 34° F for half an 
hour, peeled by hand, and cut into slices. Enzyme extraction 
was carried out at 34° F. One-hundred grams of peach tissue 
was blended for 2 min with 200 ml of 0.01 N acetate buffer at 
pH 5.6 in The extraet was centrifuged 20 
min at 2200 rpm. was decanted and mixed 
with 400 ml of acetone at The enzyme precipitate- 


stored at 


a Waring blender. 
The supernatant 


15° F. 


* Presented at the Twentieth Annual Meeting of the Insti 
tute of Food Technologists, San Franciseo, California, May 16, 
1960. 


or 


Philip Reyes and B. S. Luh 


Department of Food Science and Tech 
nology, University of California, Davis 
Calif. 


stand for 5 min and then 
This supernatant was then 


acetone mixture was allowed to 
centrifuged 15 min at 2200 rpm, 
decanted, and the precipitated enzyme was collected and sus 
pended in 100 ml of 0.01 N acetate buffer at pH 5.6. The 
enzyme was reprecipitated with the addition of 200 ml of eold 
acetone and allowed to stand for 5 min. The mixture was again 
centrifuged 15 min at 2200 rpm, and the enzyme was suspended 
in 30 ml of 0.01 N acetate buffer at pH 5.6. The yellowish 
beige preparation was centrifuged 30 min at 2400 rpm to re 
The kept in 
stoppered test tubes at 34° F. In some instances, several prepa 
rations were combined so that material would be sufficient for 
a given experiment. 
Polyphenolase activity. 
ured by a modifieation of the colorimetric method deseribed by 
Ponting and Joslyn (18). All reactions were earried out in 500 
ml Erlenmeyer flasks kept in a water bath at 30.0 + 0.1° C 
Enough 0.1 M citrate-0.2 M phosphate buffer at pH 6.0 was 
added to make a final reaction volume of 50 ml. After a known 
volume of catechol solution was added, the flask was swirled 
and allowed to reach temperature equilibrium. One ml of the 
enzyme preparation was added by a rapid-delivery pipette, and 
timing was begun. The flask was swirled slightly and allowed 
to remain in the water bath with no further agitation. At 


move debris. enzyme preparation was rubber 


Polyphenolase activity was meas 


intervals of 1-3 min, depending on reaction rate, about 10 ml 
of the reaction mixture was pipetted out for absorbance read 
ing in a Klett-Summerson photvelectric colorimeter equipped 
with a No. 42 blue filter. Distilled water was used as a blank 
to zero the colorimeter before measurement of enzyme activity. 
Klett readings were then plotted against time, and the slop: 
of the straight line was used as a measure of enzyme activity. 

The amounts of buffer and eatechol solutions are not speci 
fied here since they depended on the experiment. 

Peroxidase activity. 
for measuring peroxidase activity 


The colorimetric method was also used 
(18). Guaiacol, in the pres 
enee of hydrogen peroxide, was used as the substrate instead 
of eatechol. Since polyphenolase would not eatalyze the oxida 
tion of guaiacol, catechol, and guaiacol served as differential 
substrates, which made possible the measurement of only one 
enzyme activity at a time. All assays of peroxidase activity 
were performed in 0.1 M eitrate-0.2 M phosphate buffer at 
pH 4.6. In all eases, the 50-ml reaction mixture contained 1 ml 
of enzyme and 1 ml of 0.086 N peroxide. The 
amounts of guaiacol and buffer varied in the experiments. 

Optimum pH. A study was made of the effect of pH on 
rate of catechol oxidation by polyphenolase and rate of guaiacol 
oxidation by peroxidase and hydrogen peroxide. 
tivities were determined in a citrate-phosphate buffer by the 
colorimetric method polyphenolase, the 
effect of pH was also s adied in an 0.1 M oxalate-0.025 M 
phosphate buffer. In the final reaction mixture, the concentra 
tion was 0.03 M for catechol and 0.0029 M for guaiacol. The 
pH range for this series of experiments was 3 to 8. The opti 
mum pH found for each enzyme in citrate-phosphate buffer was 
used throughout the remainder of these investigations. 


hydrogen 


Enzyme ac 


above. For 


Substrate concentration. Michaelis constants and maximum 
velocities for the two enzyme reactions were calculated from 
l/aetivity plotted eoncentration by the 
method of Lineweaver and Burk (13). 

Hydrogen peroxide concentration. Also determined was the 
effeet of hydrogen peroxide concentration on guaiacol oxidation 
by peroxidase. The concentration of guaiacol in the reaction 
mixture was 0.0029 M, and the hydrogen peroxide concentra 
tion ranged from 0.00017 to 0.0173 N. 


against 1/substrate 
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Type of phenolic substrate. The effect of phenolie substrate 
configuration on polyphenolase and peroxidase activity was also 
studied. The phenols compared were phenol, resorcinol, hydro 
quinone, and eatechol. The ortho-, meta-, and para-dihydroxy 
configurations are all represented by these compounds. Phenol 
was included to serve as a monohydroxy substrate. The concen- 
tration of the above compounds in the 50-m] reaction volume 
was 0.10 M. 

Inhibitor studies. Study was made of the inhibitory action 
of phloroglucinol, 1-phenyl-2-thiourea, and sodium diethyldithio 
carbamate on the rate of substrate darkening by polyphenolase 
and peroxidase. Catechol and guaiacol were used as substrates 
in respective concentrations of 0.040 and 0.043 M. Unless 
otherwise stated, the inhibitor compounds were used in coneen 
trations of 0.03, 0.30, and 3.0 mM. The colorimetric method, 
with citrate-phosphate buffer at the respective pH optimum of 
each enzyme, was used to assay enzyme activity in the inhibitor 


studies 


Effect of added antioxidant on polyphenolase and peroxidase ° 


activity. Comparison was made of the efficiency of L-asecorbic 
and pD-isoascorbie acids in retarding substrate darkening »y) 
polyphenolase and peroxidase. Reactions were carried out in a 
citrate-phosphate buffer with concentrations of 0.10 M catechol 
or 0.0073 M guaiacol. Only one antioxidant was used for each 
reaction. The amount of antioxidant added to the 50-ml. ré 
action volume was 1.7 to 5.1 uM for polyphenolase, and 0.85 to 


5.4 uM for peroxidase 


RESULTS AND DISCUSSION 


Effect of pH on peroxidase and polyphenolase ac- 
tivity. Figure 1 shows the effect of pH on peroxidase 
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Figure 1. Influence of pH on peroxidase activity. 
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activity as measured by rate of guaiacol darkening. 
With citrate-phosphate buffer, activity was optimum 
at pH 4.6 to 4.8. For polyphenolase, the optimum was 
at pH 5.9 to 6.3 (Figure 2). With oxalate-phosphate 
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Figure 2. Influence of pH on polyphenolase activity. 


buffer, optimum pH was 6.5 to 6.8 for polyphenolase 

Figure 3). The differing pH optima for polypheno- 
lase with citrate-phosphate and oxalate-phosphate 
buffers indicate that enzyme activity may depend on 
the type of buffer as well as on pH. 

At pH 3.8 in eitrate-phosphate buffer, peroxidase 
activity predominated over polyphenolase activity. 
Peroxidase retained 41% of its maximum activity, 
whereas polyphenolase retained only 9%. Polypheno- 
lase activity was absent at pH 3.8 in oxalate-phosphate 
buffer. Judging from the pH activity curve alone, 
peroxidase is probably the normal browning enzyme 
in peaches. Nevertheless, it is entirely possible that 
the environmental pH of the enzyme in the intact 
fruit may differ markedly from the pH of 3.8 in the 
macerated peach tissue. Therefore, assumptions on 
the role of the two enzymes in peach browning cannot 
be made from pH-activity data alone. 

Measurement of enzyme activity by the colorimetric 
method may have its limitations. Since it is possible 
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Substrate: 
0.15 M catechol in 
oxalate-phosphate buffer. 


% Polyphenolase activity, 4 Klett Units/minute 


Figure 3. Influence of pH on polyphenolase activity. 


that pigment formation and therefore rate of sub- 
strate darkening may depend on pH, intrinsic enzyme 
activity and darkening may not be directly propor- 
tional. The experiments reported above may there- 
fore be best described as pertaining to the effect of 
pH on enzymatic rate of substrate darkening. The 
data are not thereby made unimportant, however, for 
it is fruit darkening rather than enzyme activity that 
concerns the fruit processing industry. 

Michaelis constants and maximum velocities. (a! 
culations of the Michaelis constants and maximum 
velocities of the two enzymes were based on data ob- 
tained by determining the effect of substrate concen- 
tration on enzyme activity. These data are shown in 


Table 1. 


TABLE 1 


Michaelis constants and maximum velocity of polyphenolase 
and peroxidase from freestone peaches 


Polyphenolase Peroxidase 
Maximum 
velocity, 
‘ Klett A Klett 
units per units per 
minute minute 


Maximum 
velocity, 


Michaelis 


constant 


Michaelis 


constant 


Substrate | pH 


Catechol 0.12M 
Guaiacol 


0.010M 37.0 


Figures 4 and 5, respectively, represent the double 
reciprocal plots for polyphenolase and peroxidase. 
The Michaelis constant value was 0.12 M catechol for 
polyphenolase and 0.010 M guaiacol for peroxidase. 

As seen in Table 1, maximum velocity is about twice 
as great for peroxidase as for polyphenolase. Maxi- 
mum velocity is defined as the activity that occurs 
after the enzyme becomes saturated with substrate. 
The larger value expressed by peroxidase might mean 
that peroxidase was present in the enzyme prepara- 
tion in larger quantities than was polyphenolase. But 
this is unlikely, since Ponting and Joslyn (78) re- 
ported that the ratio of peroxidase to polyphenolase 
was not over 0.3 in apple tissue and probably no 
greater in other fruits. A more likely explanation 
may be that peroxidase possesses a greater activity per 
unit enzyme than does polyphenolase. Further evi- 
dence of this has been supplied by Ponting and Joslyn 
(18) who found that the natural phenolic substrates 
in apple juice were oxidized more rapidly by peroxi- 
dase than by polyphenolase. This investigation pro- 
duced similar results. On an equal substrate con 
centration basis, guaiacol darkening by peroxidase 
was approximately 6 times as fast as catechol darken- 
ing by polyphenolase. Thus, the larger maximum 
velocity shown by peroxidase is probably due to a 
greater activity per unit enzyme. 

In accordance with enzyme kinetics, the following 
equation represents a typical enzyme reaction : 

Ks 
En +S = EnS— P + En 


The Michaelis constant is a function of K,, Ke, and 


- 800 


Substrate: 
catechol in citrate-phosphate 


buffer, pH 6.0 


1/Polyphenolase activity, 4 Klett Units/minute 


20 40 60 80 
1/Substrate concentration, M 


Figure 4. Double reciprocal plot for polyphenolase. 
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From 
Constant Research 
Comes the Best in 

TASTE-APPEALING 

FLAVORS! 


Flavors by Givaudan, the result of continuous experi- 
ence in the production and creation of high-quality 
products, will assist you to build sales and win con- 
sumer approval. 

For your every flavor requirement, Givaudan offers 
natural and imitation flavors of superior quality, stabil- 
ity, and uniformity in taste and odor... backed by our 
world-wide facilities for raw material manufacturing 
and our knowledge of consumer tastes and trends. 

Our experienced staff will be glad to cooperate with 
you in working out any flavor problem. 


321 West 44th Street, New York 36, N. Y. 
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new P-K solids-processor* performs up to 


solids processing 
operations 


*Patented and Patents Pending 


1. Precision gentle blending 
2. Intensive blending 

3. Liquid-solids blending 

4. Granulation of solids 


5. Vacuum drying of solids 


6. Coating of solids 
7. Heat sterilization of solids 
8. Gas sterilization of solids 


9. Chemical reaction of solids 


10. Heating or cooling of solids 
(Many of these operations can be performed under vacuum ) 
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The P-K Solids Processor gives you many exclusive opportunities for savings — 
in quality control, equipment, time, manpower, space. It not only combines vacuum 
drying and liquid-solids blending in one fully packaged unit for the first time, but it also 
performs in a simple sequence more operations in a single unit than ever before possible. 


DRY BLENDING— With this latest P-K ““T'win-Shell’’ development you can tumble solids 
to give gentle precision blending. This may be done under vacuum or atmospheric 


conditions, in inert or sterilizing gas, with heat in jacket up 200°F., or with cooling 
through jacketed shell. If required, intensifier bar action breaks up agglomerates or 
gives uniform dispersion of difficult materials such as pigments. ; 


LIQUID DISPERSION, GRANULATING — You can disperse controlled amounts of liquid . 
uniformly into solids. Fluids of any viscosity can be handled. - 


Dispersion can be sufficiently intimate to provide a lump-free powder. Or you . 
can regulate it to produce granulations of controlled size. As in dry blending, you can a 
conduct these steps under vacuum or atmospheric conditions, in inert or sterilizing gas, 
or with cooling or heating through jacketed shell. 
VACUUM DRYING — You can use the P-K Solids-Processor to vacuum dry heat sensitive 7 
materials. A separately actuated agitator speeds drying to a finished fine powder or con- 
trolled granule. In final stages of drying, direct hot air or gas can be introduced. 


All P-K Solids-Processor systems are completely packaged. Available in stand- a 

ardized models with charge capacities from one to fifty cubic feet. 

PRE-TEST SERVICES — A production mode! of the new Solids-Processor is available for q 
pre-testing at our Pre-Test Laboratory in East Stroudsburg. Standard, intensifier and ‘ 


liquid-solids ‘““T'win-Shell” Blenders are also available . . . as are packaged vacuum a 
tumble dryers (conical type) and ribbon blenders. 1 

Using your materials, P-K engineers can demonstrate things impossible to see : 
without pilot study... work out subtle variables in blending, granulating, drying... 
indicate scale-up results and operational procedures . . . and predict savings in materials, 
labor, investment. 

You'll gain the most by making the trip personally to East Stroudsburg. Your 
guidance will be helpful. If you cannot make the trip, send your materials. 

All P-K equipment is completely described in P-K’s new 
process catalog No. 16-P. For your copy or to make pre-test arrange- 
f ments, write or phone George Sweitzer 


at Stroudsburg, Hamilton 1-7500. 


Patterson Kelley 


Chemical and Process Equipment Division 
116 Burson Street, East Stroudsburg, Pa. 
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Words can’t describe the flavor, 
so let us send you a sample 


When you add Tora Food to a food product, some- 
thing wonderful happens. 

We can’t really describe it, except to say that 
Tora Food intensifies and improves the original 
flavor. 

That’s why we want to send you a complimen- 
tary sample of Tora Food. Then you can try it in 
your own lab—see for yourself how this superb 
primary-grown food yeast adds sales appeal to 


TORA FOOD’ 
by Red Star 


Yeast & Products Co. 


MILWAUKEE 1, WISCONSIN 
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many types of food products. 


Incidentally, Tora Food is earning a reputation 
as a tremendous nutritional booster. Protein con- 
tent is guaranteed to be better than 50‘°,, and 
6.7°; of this is lysine. It’s a rich source of vitamin 
B complex, too. 

Why not mail the coupon today? Let us send 
you a complimentary sample of Tora Food. There’s 
absolutely no obligation . . . and you can’t lose. 


RED STAR YEAST & PRODUCTS CO. 

DEPT. FT1, MILWAUKEE 1, WISCONSIN 

I'd like to find out how Tora Food will improve our products. 
|] Please arrange a session with your technical men. 

Please send me a complimentary sample of Tora Food. 
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1/Peroxidase activity, 4 Klett Units/minute 
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Figure 5. Double reciprocal plot for peroxidase. 


Ky. The terms En, S, EnS, and P respectively refer 
to enzyme, substrate, enzyme substrate complex, and 
product. If it is assumed that the rate (K3) of EnS 
breakdown to form the product (P) is small in rela- 
tion to K, and Kg, the reported Michaelis constants 
involve only the ratio Ke/K,;. This ratio is the dis- 
sociation constant of the EnS complex and is in- 
versely proportional to the affinity of the enzyme for 
its substrate. Since the Michaelis constant for per 
oxidase is 4» that for polyphenolase (Table 1), it is 
inferred that peroxidase has an affinity for guaiacol 
about 10 times as great as that of polyphenolase for 
catechol. This may partially explain why the activity 
of peroxidase is greater than that of polyphenolase 
at equal substrate concentrations. It must be empha 
sized that the above explanation requires Kg to be 
small in relation to K; and Ke. 

Effect of hydrogen peroxide concentration on per- 
oxidase activity. Figure 6 shows the effect of hydrogen 
peroxide concentration on peroxidase activity. A 
hydrogen peroxide concentration of 0.001 M to 0.004 
M was necessary for maximum activity since inhibi- 
tion occurred at higher concentrations while at lower 
concentrations the amount of hydrogen peroxide was 
insufficient to maintain maximum peroxidase activity. 
Thus, peroxidase cannot be important in peach brown- 
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Substrate: 
Substrate: 0.0029 M guaicol in 
guaiacol in citrate- citrate-phosphate buffer, 
- 400 |_ phosphate buffer, 80 L pH 4. 6. 
pH 4.6. 
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Figure 6. Influence of hydrogen peroxide concentration on 
peroxidase activity. 


ing if the concentration of hydrogen peroxide is in- 
sufficient. Ponting and Joslyn (18) showed con- 
clusively that the darkening of apple tissue was 
largely due to polyphenolase, with peroxidase of 


‘ minor importance. They found only small quantities 


of hydrogen peroxide in apples. The role of peroxi- 
dase in the browning of Fay Elberta peaches is there- 
fore uncertain, even though its pH optimum favors 
it over polyphenolase as the normal enzyme causing 
browning. 

Substrate specificity. Table 2 shows the effect of 


TABLE 2 
Effect of phenolic substrate configuration on enzyme activity 


yme activity, 4 Klett units per minute 
Substrate 10M) 
Polyphenolase 
Phenol 0.017 0.009 
Catechol 10.9 
Resorcinol ) se 0.067 
Hydroquinone 0.44 1.138 


phenolie substrate configuration on polyphenolase and 
peroxidase activ ity. The co npounds chosen included 
the ortho-, meta-, and para-dihydroxy configurations, 
in addition to a monophenolic compound. Catechol, 
an ortho-dihydroxy compound, was oxidized by both 
enzymes at the same rate. Activity for polyphenolase 
was 5.50 Klett Units (K. U./minute) and the com- 
bined activity was 10.9 K.U./minute. Of all the com- 
pounds tested, the most rapidly oxidized was catechol. 

The para-dihydroxy compound, hydroquinone, was 
also oxidized by both enzymes, but very slowly. The 
rate for polyphenolase was 0.44 K.U./minute, while 
that for the combined enzymes was 1.13 K. U./minute. 
Thus, hydroquinone was oxidized approximately twice 
as fast by peroxidase as by polyphenolase. Neither 
enzyme exhibited significant activity with phenol or 
with the meta-dihydroxy compound, resorcinol, as 
substrates. The absence of activity with the last two 
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compounds, agrees with previous reports on the 
browning enzymes from apples (18). 

As mentioned in earlier sections, peroxidase was 
also found to oxidize guaiacol in the presence of 
hydrogen peroxide, whereas polyphenolase was unable 
to do so. Peroxidase from apples (18) has also been 
reported to catalyze the oxidation of both catechol and 
guaiacol. Polyphenolase from the same source, how- 
ever, oxidized eatechol but not guaiacol. In these re- 
spects, enzymes from apples were very similar to the 
peach enzymes reported here. 

It appears that the primary reaction catalyzed by 
both polyphenolase and peroxidase, as extracted from 
the Fay Elberta freestone peach, is the oxidation of 
ortho-dihydroxy phenols. Peroxidase, in addition, can 
also catalyze the oxidation of phenols substituted in 
the ortho position with the methoxy grouping, as 
found in guaiacol. It is not implied, however, that the 
substrate specificity requirements are met by free 
phenols only, for it is known that phenols as such do 
not exist widely in nature (11). Natural phenolic 
substrates are usually esterified with other con- 
stituents, such as sugars. 

Inhibitor studies. Experiments were devised in an 
attempt to find a differential inhibitor for polypheno- 
lase and peroxidase. It was hoped that incorporating 
the differential inhibitor in macerated peach tissue and 
measuring the rate of browning would determine the 
relative role of the two enzymes in peach browning. 

Tables 3 and 4 present data on the effect of the 
various inhibitors on polyphenolase and peroxidase 


TABLE 3 
Effect of various inhibitors on polyphenolase activity 
Polyphenolase activity,’ 4 Klett units/minute 


Sodi rieth *henyl-2 
odium Diethyldi 1-Phenyl Phliorogiucinol 


Concentration thiocarbamate thiourea 
m Molar 
Residual Residual Residual 
Activity activity Activity | activity, | Activity | activity, 
% 
0.0 13 100.0 100.0 
0.03 2.77 RAS 2.03 64.0 2 66 B50 
0.3 0.0 0.0 0.28 9.0 2 55 81.5 
3.0 0.02 0.0 0.0 0.0 1.01 


‘0.040 m Molar catechol as substrate 


2 Only 1.0 m Molar. 


TABLE 4 
Effect of various inhibitors on peroxidase activity 
Peroxidase activity,' Klett units/minute 


odium Diethyldi 1-Pheny! Phiorogiucinol 


Concentration thiocarbamate thiourea 
m Molar 

Residual Residual Residual 

Activity activity Activity | activity Activity activity 

‘ % 

0.0 18.4 100.0 13.4 100.0 
5.65 80.7 13.6 74.0 16.0 87.0 

0.3 1.58 24.9 12.7 69.0 10.7 58.2 
0.02 oOo. 5.64 10.6 4.22 22.9 


0.043 m Molar guaiacol as substrate 


Only 1.0 m Molar 


activity. Sodium diethyldithiocarbamate strongly in- 
hibited both polyphenolase and peroxidase activity. 
Conversely, 1-phenyl-2-thiourea inhibited peroxidase 


less effectively than it did polyphenolase. These two 
compounds at concentrations of 0.3 mM reduced poly- 
phenolase activity to 0 and 9% of its maximum, re- 
spectively. Peroxidase activity was similarly reduced, 
but only to 24.9 and 69.1% of its maximum, respec- 
tively. Both inhibitors are copper-chelating agents 
and would naturally be more effective in inhibiting 
the copper-containing polyphenolase (5). Peroxidase, 
an enzyme containing iron, was also inhibited by these 
compounds because of the chemical similarities of 
copper and iron atoms. 

In the concentration range used, phloroglucinol in 
hibited peroxidase more effectively than it did poly- 
phenolase. With phloroglucinol in concentrations of 
3.0, 0.3, and 0.03 mM, the respective residual activi 
ties were 32.3, 81.5 and 85.0% for polyphenolase, and 
only 22.9, 58.2 and 87.0% for peroxidase. This in 
hibitor does not Possess copper-chelating properties 
but acts as a competitive inhibitor, since its structure 
is similar to that of the normal substrates. Inhibition 
of the darkening rate of polyphenolase and peroxidase 
by this metahydroxy compound is further evidence 
that both enzymes cannot oxidize the meta-hydrox, 
configuration. 

As seen in Tables 3 and 4, no clear-cut differential 
inhibitor for the two enzymes was found. Therefore, 
no experiments could be carried out to elucidate the 
relative roles of polyphenolase and peroxidase in the 
browning of peach tissue. Data in Tables 3 and 4 
show that only a slight differentiation was possible 
at the 0.3 mM sodium diethyldithiocarbamate level 
and at the 0.8 and 1.0 mM 1-phenyl-2-thiourea levels. 

The presence of polyphenolase and peroxidase in 
peach tissue is evideneed by the sensitivity of the two 
enzymes to copper-chelating agents as well as by the 
information gathered from substrate specificity. 

Effect of added antioxidant on polyphenolase and 
peroxidase activity. Table 5 shows the effect of added 


TABLE 5 


Effect of added antioxidant on polyphenolase 
and peroxidase activity 
Polyphenolase activity! Peroxidase activity ! 


per 50 ml per 50 ml 


reaction t-Ascorbie p-lsoascorbic reaction L- Ascorbic lp lsoascorbic 
volume acid acid volume acid | acid 
0.0 5.93 5.93 0.0 20.1 20.1 
1.7 5.54 5.16 ORS 16.9 17.0 
4.23 4.23 17 14.1 15.4 
5.1 2.64 2.49 1 5 9.8 


Expressed as Klett Units per minute 


L-ascorbie and p-isoascorbic acids on polyphenolase 
and peroxidase activity. Both antioxidants retarded 
polyphenolase- and peroxidase-catalyzed darkening of 
substrates. Darkening was retarded in direet propor 
tion to the amount of initially added antioxidant. The 
rate of darkening of catechol by polyphenolase—5.93 
K.U per minute—was reduced to 2.64 K.U. by 5.1 
uM of L-ascorbie acid, and 2.49 K. U. by 5.1 »M 
of p-isoascorbie acid. Similarly, the rate of darkening 
of guaiacol by peroxidase—20.1 K.U. per minute 

was reduced to 9.5 K.U. by 3.4 »M of L-ascorbie acid, 
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BROWNING 


and to 9.8 K.U. by 3.4 uM of b-isoascorbie acid. This 
effect may be due to traces of residual unoxidized 
antioxidant. Thus, if more antioxidant were added, 
the larger residual amounts would further inhibit 
rate of darkening. Another possibility is that the 
antioxidants inactivate or inhibit the enzymes in some 
manner. Ingraham (10) presented data demon 
strating that the polyphenolase-catalyzed aerobie oxi 
dation of catechol was not inhibited by ascorbie acid. 
He concluded that a slow reaction is possible between 
free polyphenolase and ascorbic acid, which does not 
occur when the enzyme is in the presence of catechol 
and oxygen. As the present experiments also were 
carried out in the presenee of oxygen and catechol, no 
enzyme inhibition would be expeeted. Consequently, 
the effect of both antioxidants on rate of darkening 
Table 5) can best be explained by the residual 
amounts of antioxidant. 

The results indicate that the antioxidant properties 
of L-ascorbie and p-isoascorbie acids are very similar 

Oxidative darkening of phenolic substrates is now 
believed to proceed through polymerization of the 
quinone formed during the initial stages of the en 
zyme-catalyzed reaction. The antioxidants act by 
immediately reducing the quinone to the original 
ortho-dihydroxy form, thereby preventing polymer! 
zation and browning. Thus, these antioxidants do not 
act as true enzyme inhibitors, since enzyme activity 
continues, though without browning. Browning will 
not take place until nearly all of the antioxidant has 
been exhausted through oxidation by the enzyme. The 
time required for browning (induction period) will 
therefore be directly proportional to the amount of 


added antioxidants 


SUMMARY 


The characteristics and properties of polyphenolase 
and peroxidase from Fay Elberta peaches were in 
vestigated, These include the determination of opti 
mum pH, Michaelis constant, and substrate specificity, 
as well as a study of chemical inhibition of enzyme 
activity. 

A pH optimum of 4.6 to 4.8 in citrate-phosphate 
buffer, with guaiacol as substrate, was found for per 
oxidase. In the same buffer, polyphenolase with cate 
chol as substrate, exhibited a pH optimum of 5.9 to 
6.3. Michaelis constants of 0.12 M eatechol and 0.010 
M guaiacol are reported for polyphenolase and per 
oxidase, respectively. Both enzymes act primarily 
on the orthodihydroxy configuration. The para 
dihydroxy structure was also oxidized by both en 
zymes, but at a slower rate. Neither enzyme exhibited 
significant activity with the monohydroxy and meta 
dihydroxy compounds as substrates. 

Sodium diethyldithiocarbamate inhibited the ae 
tivity of both polyphenolase and peroxidase. In con 
trast, 1-penyl-2-thiourea inihibited peroxidase less ef- 
feetively than polyphenolase. Phloroglucinol, in the 
concentrations used, inhibited peroxidase more effee 
tively than polyphenolase. 

u-Aseorbie and p-isoascorbie acids were found to be 
equally effective as antioxidants. 


ENZYMES IN 


FREESTONE 


PEACHES 
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A Rapid Method for Determining Significance 


of Differences from Rank Sums~° 


(Manuscript received May |7, 1960 


Tue FOOD PROCESSOR is often faced 
with the problem of comparing his product with those 
of his competitors, or his new product with similar 
produets already marketed by other firms. In other 
instances he may simply want to compare the quality 
of the same products as manufactured by different 
firms; or he may wish to evaluate the effect of certain 
process variables on the yield or quality of the finished 
product. In all such situations it is desirable to have 
a simple, rapid, and yet accurate means for deter- 
mining whether the observed differences are real in 
terms of statistical significance, or whether they are 
due to mere chance variability. 

This procedure is an expansion of one previously 
reported (3); it is especially suitable where actual 
values are not meaningful—for example, in evalu- 
ations of sensory data when, on occasion, it may be 
more convenient to rank series of samples in order of 
preference or difference. The method about to be 
deseribed is based on the expansion of the multi- 
nomial distribution, using the treatment (t) designa- 
tions as terms of the multinomial, and number of 
replications (r) as the power. The general expression 

In this way the probability of the chance occurrence 
of a rank sum for any given treatment (sample) repli- 
cated r times, may be determined. Such ealeulated 
values are presented in Table 1 for the usual 5% level 
of significance (P = .05). The lower pair of values in 
each block are the smallest and largest rank sums such 
that the probability of one observed rank sum exceed- 
ing the larger entry, or of being exceeded by the 
lower entry, is less than or equal to 5%. Similarly, 
the upper pair of entries in each block are the smallest 
and largest rank sums such that the probability of 
any observed rank sum exceeding the larger entry or 
being exceeded by the smaller entry, is less than or 
equal to 5%. In Table 2, similar values are presented 
for the 1% level of significance (P = .01). 


CONDITIONS FOR USING THE LOWER 
ENTRIES DIRECTLY 

Obviously the probability of detecting a significant 
difference when in fact one exists, is greater if the 
lower pairs of entries are used, particularly as ¢ in- 
ereases. The direct use of these values, however, 
should be limited to the following conditions (2): 

(i) ¢ treatments are ranked with ranks 1,2... 
in each of r replications 


*Scientifie Art. No. A852, Contribution No. 3148, of the 
Maryland Agricultural Experiment Station (Department of 
Horticulture ). 

"Presented at the Twentieth Annual Meeting of the Insti- 
tute of Food Technologists, San Franeciseo, California, May 18, 
1960. 


Amihud Kramer 


University of Maryland 


(ii) A particular treatment is picked in advance 
for consideration. 

(iii) It may be assumed that the remaining (t-1) 
treatments do not differ, that is, are indistinguishable. 

(iv) We test the null hypothesis that the specified 
treatment is also like the remaining set of indistin- 
guishable treatments. This implies that it is equally 
likely that any treatment receives any of the ranks in 
each replication of the experiment. 

(v) We use the rank total of the specified treat- 
ment as our test statistic and compare this observed 
rank total with the lower pair of entries in Table 1 for 
the suitable number of treatments and replicates. 


Example 1. \ beverage manufacturer has developed 
a new mixed fruit drink, which is to compete with a 
similar product already marketed by 3 other firms. 
Before beginning manufacture and distribution of 
this new product, the manufacturer wants some assur- 
ance that his product is superior, or at least not in- 
ferior to the competitive brands. He obtains random 
samples of the competitors’ product, and submits 
them to a panel consisting of 10 individuals who are 
asked to rank the 4 coded samples (his product and 
that of the 3 competitors) in order of preference, 
with the following results : 

Test Competitive brands 


Panelists sample — 


4th : ‘ 3rd 
4th 2 lst 
3rd 2nd 
3rd lst 
4th é | 2nd 
2nd 3rd 
4th s 3rd 
3rd lst 
4th é 2nd 
2nd 3rd 


Rank sums 33 2 21 


Entering Table 1 for 4 treatments and 10 replica- 
tions, we find the two lower entries are 19-31. Since 
the test sample rank sum of 33 exceeds 31, the manu- 
facturer is justified in concluding that (vi) the 10 
panelists have significantly rejected the test sample 
as being inferior in acceptability, since it was the least 
preferred compared to the other treatments. 

Hlad another treatment yielded a rank sum in excess 
of 31 or less than 19, as for example, had treatment 2 
resulted in a rank sum of 18 instead of 21, the manu- 
facturer would not be justified in concluding that 
brand ts is preferred significantly, since this treat- 
ment was not selected in advance, and therefore vio- 
lates condition (ii). Furthermore, the finding of two 
or more rank sums beyond the 19-31 limits would 
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No Sew Effective W ay To Peadians 
Clear, Sparkling Food Gels 


Tailor made to produce clear sparkling gels, the 
KELCO-GELS are sodium salts of alginic acid 
that are highly soluble in water. 


KELCO-GEL HV is recommended for use where 
considerable added viscosity is required with a 
minimum amount of stabilizing action. 


KELCO-GEL LV is recommended for use where 


a high degree of stability is desired along with a 
minimum change in viscosity and body properties. 


Yours On Request: Free samples of KELCO- 
GEL HV and KELCO-GEL LV and new Techni- 
cal Bulletins describing these unique Kelco algin 
products. At your service, too, are highly quali- 
fied food technicians ready to give individual 
attention. 


KELCO-GEL HV° KELCO-GEL LV® products o¢ Keleo ompany 


15 Terminal Avenue, Clark, New Jersey * 20 N. Wacker Drive, Chicago 6, Illinois » 530 W. Sixth Street, Los Angeles 14, Calif. 
Cable Address: KELCOALGIN — CLARKNEWJERSEY 
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MY VACET' Distilled 
Acetylated Monoglycerides 


are now approved 


for edible use 


These products, whose research studies have disclosed 
many interesting properties, are now ready for your 
new product development program. Sec. 121.1018, U.S. 
Food and Drug Regulations, authorizes their use, up to 
5°; in finished food, as 
“(1) A food coating agent 

(2) A food container component 

(3) An equipment lubricant 

(4) An emulsifier in food.”’ 

We have prepared Bulletin A-1 to give general in- 
formation on this subject; included are a list of 69 perti- 
nent scientific papers and patents and a compilation of 
many suggested uses. These range from slab oils to 
shortenings, and include coatings for foods as well as 
plasticizers for other coating materials. 

Other bulletins are now available which give informa- 
tion on specific applications: 

A-2. Poultry 

A-3. Frozen and Processed Meats 
A-4. Frozen Fish 

A-5. Dried Fruits 

A-6. Nuts and Candies 

A-7. Storage Eggs 

Food processors are welcome to copies of these bulle- 
tins, as well as samples of different types of MYVACET 
Distilled Acetylated Monoglycerides. 

Information and quotations from Distillation Products 
Industries, Rochester 3, N. Y. Sales offices: New York 
and Chicago e W. M. Gillies, Inc., West Coast e Charles 
Albert Smith Limited, Montreal and Toronto. 


distillers of monoglycerides Dp 2 Also... vitamin A in bulk 
made from natural fats and oils iojielg for foods and pharmaceuticals 


Distillation Products Industries is a division of Eastman Kodak Company 
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raise some doubt on the validity of conclusion (vi 
since there is now strong suspicion that the other 
treatments (1.¢., te, ts, ty), are different. and thus con- 
dition (iii) would be violated. 


CONDITIONS NECESSITATING USE OF UPPER 
PAIR OF ENTRIES 


If the manufacturer were interested in finding a 
superior sample, with the thought of producing a 
similar product, he would not be picking out a par- 
ticular sample in advance, but merely examining the 
results of 4 samples with a view of selecting a superior 
sample, or rejecting an inferior sample. In this in 
stance, the probability of the rank sum of any treat 
ment being significant would be considerably higher, 
since there is now the opportunity of any one of the 
+ treatments to be signifieant at the 5% level. In facet. 
if some 20 treatments were compared, there would not 
be a 5% probability (P =.05) for one of the treat 
ments to be significant, but more like a 50% proba 


bility (P 20). Thus, the upper pairs of values ir 
each block of Tabli :. reduce the power of selecting 
any treatment back to the 5% level. This is in line 
with multiple comparison procedures as discussed by 
Tukey (4) 

Example 2. (Considering the same data as shown 
in example 1, but with no treatment specified in ad 
vance, we enter Table 1 for 4 treatments and 10 


replications, and find the two upper entries are 17-33. 
Since none of these rank sums exceeds 33 or is ex 
ceeded by 17, we cannot econelude that any of these 
samples are superior or inferior. Had any sample 
yielded a rank sum of 34 or higher, then we would 
have been justified in rejecting that sample as inferior 
although we did not specify any particular sample in 
advance 

When a significantly different treatment is found, 
the remaining treatments may be reranked to deter 


mine if any further real differences exist 
Example 3. We have 4 samples (t 4). each 
ranked by 10 panelists (r= 10), with the following 


results 


Samples 


Not having specified any samples in advance, we 
enter Table 1, and find the upper pair of entries for 4 
treatments and 10 replications are 17-33. Since the 
rank sum of sample 1 is less than 17, we select it as 
being superior. Sample 4, however, has a rank sum 
greater than 33, so that it may be considered inferior. 
We still have samples 2 and 3 about which we might 


DETERMINING SIGNIFICANCE OF DIFFERENCES FROM RANK SUMS 


Children 


wish to make a decision. We therefore re-rank sam- 
ples 2 and 3, omitting samples 1 and 4, with the 
following results: 


Sample Sample 3 
l 4 
l 
l 
2 
l 
2 l 
| 
l 2 
15 


Entering Table 1 for 2 treatments and 10 replica- 
tions we find the upper (and the lower) pair of 
entries 12-18, Since the rank sums of these samples 
are within the range of 12-18, we cannot conclude that 
samples 2 and 3 are different. 

Any group of 2 or more samples may be compared 
in a Similar manner 

Significant interactions. In taste testing work. the 
effect of the panelist may be of importance in two 
Ways. Some panelists may evaluate all samples more 
leniently or more strictly than others, This problem 
is completely obviated when ranks are used, since the 
rank totals for each panelist must always be the same. 
Thus this ‘‘block’’ effect is automat cally eliminated. 
However, the effect of the panelist may be in the 
form of an interaction between treatments and 
panelists. In other words, some individual panelist 
may rate certain samples high, while other panelists 
may rate them low. If this interaction, which may be 
of very practieal importance, is considerable. it may 
even mask the differences among treatments. 

There are two possible methods by which such 
interactions may he detected by the use of Tables 1 


or 2: (1) by grouping of panelists on the basis of 


some logieal criterion, and (2) by the use of replica- 
tions for individual panelists 

Example 4. A panel is used to compare the ae- 
ceptability of 5 ice cream formulations. The panel 
consists of 4 adults, and 4 children. with the following 
results 


Adults 


Adults rank sun 5) 14 12 15 14 


5 

9 + 3 
7 l 2 5 4 3 
Children rank sur 13 7 l4 15 13 
Total rank s |S 19 26 30 27 
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TABLE 1 
Rank totals required for significance at the 5‘~ Level (P=0.05) 


The four figure blocks represent: Lowest significant rank sum, any treatment—Highest significant rank sum, any treatment. Lowest 
significant rank sum, predetermined treatment—Highest significant rank sum, predetermined treatment 


Number 


Number of 1 


If we should compare the total rank sums against 
the upper values in Table 1 for 5 treatments and 8 
replications we would find that none of these rank 


sums exceed 33, or are smaller than 15, and we might 
conelude that we had not succeeded in demonstrating 
any significant preference for a particular ice cream 
sample. However, if we examine the rank sums for 
adults and children separately, we find a significant 
preference for sample 1 among the adults, since the 
rank sum of 5 for adults is less than the required 6 
obtained from Table 1. Similarly it may be coneluded 
that the children preferred sample 2. 

If individual panel ratings were replicated, that is, 
if each panelist were required to rate each sample 
more than once, then each panelist’s or each group of 


f treatments, or samples ranked 


panelists’ results could be summed separately and 


compared to the proper entries in Tables 1, or 2. 


Sequential applications 

Table 1 may be used conveniently to interpret data 
from sequential experiments, such as those suggested 
by Box for evolutionary operations (1). Thus, series 
of tests may be repeated, and the rank sums increased 
until a significant result is achieved. 


Example 5. Time and temperature of blanch has 
an effect on the extent of sloughing of green beans. 


Five treatments are tried, suecessively, with the fol- 


lowing results: 


ne 
licates 
5 6 7 x 9 10 11 12 
11 3-13 i—14 1-16 1-18 5-19 5-21 
1-8 1-11 5—13 6-15 6-18 7-20 8-22 8-25 9-27 10-29 
5-11 6-18 7-25 7-29 8-36 9-39 
5-11 6-14 9-23 10-26 11-29 13-31 14-34 15-37 
6-14 9-26 9-31 10-35 11-39 12-48 12-48 13-582 
6—-9 7-13 10-20 11-24 13-27 14-51 15-35 17—38 18-42 20-42 
7 
711 9-21 10-26 11-31 12-36 13-41 14-46 15-51 17-55 
7-11 9-15 10-20 12-24 14-28 16-32 18-36 19-41 21-45 23-49 25-5 
- 10-18 11-24 12-30 14-35 15-41 17-46 19-58 21-63 
8-1 10-18 13-22 15-27 17-32 19-37 21-42 23-47 26-51 0-61 
11-21 13-27 15-33 17-39 20-52 2°48 5-71 27-77 
10-14 12-20 15-25 17-31 20-36 22-42 25-47 27-53 30-58 15-60 
11-16 13-23 15-30 17-37 19-44 21-51 1-57 25-65 10-78 
11-16 14-22 17-28 20-34 23-40 | 26-46 28-53 31-59 4-65 7-71 410-77 
12-18 14-26 17-33 20-40 22-48 25-55 27-63 29-71 32-78 54-86 
12-18 15-25 19-31 22-38 25-45 20-51 32-58 35-85 12-78 15-85 
11 1 16—28 19—36 25-52 16—R5 an ‘1 
14-19 17-27 21-34 24-42 28-49 32-56 6-63 39-71 43-78 87-85 
12 15-21 18-30 21-39 24-48 22-56 11-65 37-83 43 101 46-110 
15-21 19-29 23-37 27-45 31-53 5-61 19-69 43-77 47-85 1-93 
16-23 19-33 23-42 27-51 10-61 34-70 41-89 14-99 68-108 
21-31 25-40 29-49 34-57 38-66 13-74 47-83 52-91 61-108 
14 17-25 21-35 25~—45 29-55 33-65 37-75 $1—85 45-95 19-105 96-126 
1-24 22-34 27-43 32-52 37-61 41-71 15-80 51-89 56—98 61-107 66-116 
1 19-24 23-37 27-48 32-58 16-69 | 40-80 14-91 49-101 | 59-112 | 57-12 
19-26 24-36 29-46 34-56 59-66 45-75 50-85 55-95 60-105 65-115 
16 24-40 29-51 34-62 39-73 13-85 18-96 52-108 57-119 61-131 66-142 
11-49 17-59 42-70 53-91 59-101 65-111 70-122 76-152 
17 26-42 31-54 16-66 41-78 16-90 51-102 61-126 66-158 
19-63 45-74 51-85 57-96 63-107 69-118 75-129 
BAS 
18 28-44 39-69 14-82 49-95 55-107 60-120 | 65-123 71-145 76-158 
15-55 12-66 48-78 54-90 60—102 67-113 73~-125 
ae 19 3 20-47 15-60 41-733 47-86 | 53-99 58-113 | 64-126 | 70-139 | 76-152 | 81-166 
1-33 1-45 14-70 51-82 | 58-04 64-107 | 71-119 | 78-131 
Pr 
5 
20) 1-40 17-633 43-77 19-91 55-105 61-119 67-133 73-147 79-161 RS-175 
2-48 19-61 46-74 54-86 61-99 67-113 74-126 42-158 39-151 wi—164 
+ 
f 


DETERMINING SIGNIFICANCE OF DIFFERENCES FROM RANK SUMS 579 
ever, no rank sum exceeded 14 or was exceeded by 4 

+-14 being the entries in Table 1 for 5 treatments 
and 3 replications), thus necessitating additional 


Blanching treatments (t) 

4 
+200°F | at 190°F | at 180 ( replication. At the conclusion of 3 additional series, 


however, the rank sum of 9 for treatment 2 could be 


considered significant at the 5‘ level, and the experi- 
ment could now move in that direction, that is, shorter 


time, and/or higher temperature of blanch. 


How the tables are prepared 


Having ¢ treatments and r replications, the lowest 
possible rank sum for iven treatment would be 
equal to r, and tf] rs e rank sum would 
be equal to fr. T example, for 5 treatments 
replicated 8 tin t rank sum would be 

With 5 treatments, a minimum of 3 replications } 8, and the largest be t) 5) (8) = 40. 
would be required to reach any definite decision The total num > of ible permutations may be 


Table 1). At the conclusion of the third series, how expressed as } , atments to the power 


TABLE 2 
Rank totals required for significance at the 1% level (P 01) 


Each block of four represents: Lowest significant rank sum, any treatment—Highest significant rank sum, any treatment. Lowest 
significant rank sum, predetermined treatment—Highest significant rank sum, predetermined treatment 


| 
4 
Series 
Replications 2 minutes ual 
t180°F | a 
1 rd 2nd Ist 5th ith 
4 nd Ist ith Sth a 
| trd Ist ith rth znd 
| 
Rank sum 
1 rd nd Ist ith oth a 
it} nd lat th i 
: 
‘a e 
a 
Number of treatments, or samples inked i 
Number of rep ites a 
1-5 
5-19 7 f 6-34 : 6-42 7-45 
j 
; 6-19 7-2 7-28 8-37 10-55 
6-14 7-18 8-22 y—2¢ 12-38 13—4 15-50 
: 7-17 ~27 8 8 14-64 7 
6 19 R—54 20-58 
7 5 11—31 r l | 16—61 67 18-73 
19 11-24 12-30 14 61 25-66 
15 11 15 Li 19-45 7 f 50-74 
) 10-17 12-24 39 19-53 8 { 6-82 27-90 
10-17 12-24 15-30 17-37 0 76 
l 11 1 7 15 la—42 2.5 $2 in 
11-19 14—2¢ 17 is ) 7-83 9-9] 
11 l 1 17 16 25—¢ 34—9R $7-106 
13-20 16-28 19-36 i4 41-91 14-99 
12 14-22 16—32 19-41 ) 41-115 
14 4 17-31 l 1—65 l j is 19-107 | 
13 15-24 18-34 1—44 4-54 8-63 1-73 10-1 16-123 
15-24 19-33 42 27-51 60 413-87 17-96 10¢ 54-115 
14 16-26 20—36 347 0-65 4-78 ) 44-11 48-120 91-131 
17 21-35 25—45 29—55 38-74 j 24 { 59-123 4 
15 18 7 21-39 29—61 7—8 } i 14 f {8-117 12R 16-139 
18-27 22-38 27-48 6-69 41-79 60-1 64-131 
19—29 24] 27-53 4 6-7 14 is 7-135 61 47 
19-29 24-40 29-51 ’ $4—4 19) 1-125 69 
17 20-31 24-44 —56 1—68 8-81 i8 142 66-155 
0 31-54 6-66 42-77 i 6u ) 74-147 
18 26-46 31—59 16-72 41—8 16-98 66-151 71-163 
ce 2 27—45 19-69 4 71) 14 79-155 
19 2 28-48 33-62 39-75 14-89 19—1 14 71-157 76-171 
2 29—47 15-60 41-73 R—1 54 84-163 
0) 24-36 29-51 41-79 16-94 58 75-165 80-180 
24-36 31-49 43-77 7-103 f i4 82-158 89-171 
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Tee level. Thus, for a probability of p = .05, for 5 treat- 
ments replicated 8 times, (5°) (.05) = 19,531. We 
now enter the table of binomial coefficients column 
390 n/r, and find the row containing the values equal or 


smaller than (t')(P), and read in the N column the 
value which is equivalent to the largest rank sum 
OU : which may occur at a probability of P or less. In our 
example, we enter the table of binomial coefficients in 
column n/8 and stop at 12,870, since the next value 
O ’ of 24,310 is larger than 19,531. Reading across, to the 
N column, we find the value of 16. We conelude that 
the accumulated probabilities of rank sums 8 to 16 
a 10 will be no greater than P = .05. Thus, the entry for 


398A 


G4 


€ 8 | 2 4 6 18 20 
F REPLICATIONS 
Figure 1. 
of the number of replicates, or ¢’, which in our exam- 
ple would be 5%, or 390,625. Of these 390,625 possi- 
bilities, a rank sum of 8 could occur onee, and a rank 
sum of 40 could also occur once. The remaining possi- 
bilities would be distributed symmetrically among the 
other possible rank sums, reaching a peak at 1(40 4 
8), or 24. The frequency for each rank sum is equiva- 
lent to the respective coefficient of the expanded 
multinomial, and ean be obtained from a table of bi- 
nomial coefficients, part of which is shown as Table 3. - - 7 r 
To obtain a given probability we would multiply 2 
NUMRER REP 
the total number of permutations ¢” by the probability Figure 2. 
TABLE 3 
Binomial coefficients 
n n/1 n/2 n/3 n/4 n/5 n/7 n/9 

0 l 

1 1 

2 1 

1 6 1 

5 1 5 10 10 5 1 

6 i ' 15 20 15 6 1 

7 l 7 21 35 5 21 7 1 

28 56 70 56 On 1 

% 1 9 36 R4 126 126 4 36 9 1 

10 l 10 45 120 210 252 210 120 45 10 1 
11 1 11 55 165 30 162 462 330 165 55 11 
— I 12 66 220 195 792 924 792 495 220 66 
13.. 1 13 78 56 715 1287 1716 1716 1287 715 286 
14 1 14 91 364 1001 2002 3003 3432 100 200 1001 
15 1 15 105 455 1365 3003 5005 6435 6435 5005 300 
16 1 16 120 960 1820 4368 RO0R 11440 2870 11440 8008 
17 1 17 136 680 2380 6188 12376 19448 24310 243.10 19448 
1s 1 18 153 816 3060 R568 18564 31824 43758 42620 i 7] 
19 1 19 171 969 BRT 11628 27132 50388 75582 92378 92378 
20 1 20) 190 1140 4845 15504 IRTH0 77520 125970 167960 184756 
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the smaller value of the lower entries for t 
in Table 1 is 1 + 16, or 17. 

Since the multinomial distribution is symmetrical, 
we obtain the larger value in the lower pair by sub- 
tracting the difference between 8 and 17 from the 
largest possible rank sum, which in our example 
would be 40-9, or 31, and we state that any rank sum 
greater than 31 may appear at a probability of .05 or 
less. 

If we are not prepared to specify a particular treat- 
ment in advance, then clearly the probability of any 
treatment rank sum is not (t") (P), but (t") (Pt). 
Thus to reduce the probability for any treatment 
comparison to the same level as when specifying one 
treatment in advance, we must divide by t, or 
(t') (P/t); which in our example would be (5° 

05/5 3,906. Entering the table of binomial co- 
efficients at n/8, we find 3003 which indicates N 
14. Thus, the smaller value for the upper pair is 
entered in Table 1 as 15, and sinee 15—8 7, the 
larger value for the upper pair is 40 — 7, or 33. 

Tables similar to Table 1 may be constructed for 
any given probability. Thus, if a 1% (P= .01) sig 
nificance table is desired, the entries could be deter- 
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Variations and Their Causes in the Measurements 
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mined by (t') (.01) for the lower pairs, and 
.01/t) for the pair of upper entries 

It may be of interest to point out that the table of 
binomial coefficients may be expanded conveniently 
since any value Nij may be obtained by the addition 
of Ni—1,j}—1+Ni,j—1. Also, as shown in Figure 
1 (P = 0.01) and Figure 2 (P = 0.05) the significant 
rank sums have a linear relation ‘to number of replica- 
tions, and the treatments are evenly spaced so that 
such tables could be expanded substantially by 
graphic interpolation with little loss in precision. 
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of Beef Tenderness by the Electric 


Meat Grinder Method ° 


Manuscript received May 18, 1960 


‘Tas BEST KNOWN mechanical 
methods of measuring meat tenderness are those as 
sociated with the Warner-Bratzler Shear,” Penetrome- 
ter, Christel Texturemeter, the orifice, and the 
electric meat grinder. This study was conducted to 
investigate the causes of variations in the meat 
grinder method. 

The measure of the resistance to grinding of meat 
as an indieation of its tenderness was deseribed in 
detail by Mayida and Tappel (2). By using a 


* Presented at the Twentieth Annual Meeting of the Inst 
tute of Food Technologists, May 18, 1960, San Francisco, 
California, 

Among these, the Warner-Bratzler is reported used most 
exclusively in the United States (1). 


C. M. Schoman, Jr., J. Bell, and 
C. Olin Ball 
U. S. Naval Supply Research and De- 
velopment Facility Bayonne, New 
Jersey, and Department of Food Sci- 
ence, Rutgers, The State University, 
New Brunswick, New Jersey 


homogeneous substance (wax), they obtained a eo- 
efficient of variation of 2% for both the Christel Tex- 
turemeter and the food grinder. This compared to a 
coefficient of variation of 4.7% to 9% for the Warner- 
Bratzler Shear 

Bockian, Anglemier, and Sather (1) reported on a 
comparison of an objective and subjective measure- 
ment of beef tenderness, using the meat grinder for 
the objective measurements and the scores of a trained 
panel of judges for the subjective. They obtained 
correlation coefficients of .59 and .60 between objective 
and subjective measurements. Duplicate samples of 
beef indicated a variation of 10%. Bockian et al (1) 
recommended further improvements on the electric 


grinder method by using a recording ammeter (in 
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lieu of a conventional ammeter), and a mechanical 
cuber. 
TEST PROCEDURE 


Test product, handling and sampling procedure. Ten-pound, 
top rounds of beef (choice grade), roasted at 300° F in a econ 
ventional oven to an internal low point temperature of 150° FP, 
were used as the test product. The meat was cooled to room 
temperature (68-72° F) before sampling. Sample cores were 
randomly eut from the test produet by using a No 15 cork 
borer (approximately *% in dia Cores were sliced into slugs 
\% in long. Fifty-gram samples (11-15 slugs) were randomly 
seleeted from each round for power determinations. 

Apparatus. A Hobart model N-50 mixer (1/6 HP, 115 v, 
2.85 amp, 60 eyele, AC 


the test instrument. A Dunean Portable Watt-Hour Test Meter, 
Model M-1, was used in place of an ammeter to measure the 


with grinder attachment was used as 


power consumption.© The accuracy of this instrument is 0.5%. 
The line voltage was maintained by a Superior Eleetrie Co. 
Powerstat Autotransformer, Type S 1028, rated 115 v, 2.4 
KVA. An Esterline Angus Graphie Voltmeter, Model AW, 
115 v, was used to record the load voltage. Time was recorded 
by a Labline Ine. eleetriec timer, recording to .01 see. Figure 1 
is a schematic diagram of the electrical circuit. 

Preliminary tests. Preliminary test runs were made to de 
termine refinements in the testing procedure necessary to insure 
reproducible measurements of tenderness. A thorough study 
revealed that variations were principally caused by changes of 
motor resistance, fluctuations of line voltage, and changes in 
friction of rotating grinder elements. 


1. Variations due to changes of motor resistance 

The first step was to establish a uniform warm-up period for 
the grinder. The temperature rise of a motor will affeet the 
resistance of its coils, resulting in a significant variation in 
power consumption. To determine the time necessary to stabi 
lize the motor temperature, the motor was operated at no-load, 
starting from a cold position, and power consumption per 
minute was recorded at 5-min intervals, until uniform power 
consumption was attained. 
2. Line voltage fluctuat 

A great source of erro! is traced to small variations of line 
voltage. A study was made on the magnitude of this effeet on 
the power reading. The motor was stabilized at no-load and 
the power consumption was recorded at two volt intervals from 
112 to 120 v. 
ugainst line voltage to graphically indicate the effeet of line 


The consumption in watt-hours was plotted 


voltage. 
Variation in load « ed by friction of movable grinder 
clements 
It was noted that there was a variation in the no-load power 
when the grinder head was reassembled and replaced after 


¢ The 10-amp range was used in lieu of the 5 amp range in 
order to prevent possible injury to the meter due to the starting 


current surge of an induction motor. 


Figure 1. Schematic diagram of instrumentation for meat 
grinder power measurements. (A) Powerstat for controlling 
line voltage. (B) Recording meter for line voltage. (C) Switch 
box. (D) Duncan portable test meter. (E) Hobart meat 
grinder. (F) Timer. 
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washing and drying. A slight difference in hand pressure, 
when tightening the plate retaining ring of the grinder head, 
eaused a variation in the friction between the rotating feed 
serew and knife with the perforated plate and bearings. To 
correct this, a hole was drilled through the retaining ring and 
through the grinder head, into which a removable pin was in 
serted. The ring was now loeated in a fixed position with 
reference to the grinder head body. 

Operating procedure. The meat grinder was switched on for 
a warm-up period of 80 min. The line voltage was regulated 
and maintained constant by means of the Powerstat Autotrans 
former. No-load power was recorded for runs of 60-see duration 
until 5 consecutive runs were obtained with practically non 
varying power consumption (+ .013 whr). The power con 
sumption of the last run was taken as the no-load power. On 
the sixth run, a 50 g sample was gravity fed into the grinder 
at the uniform rate of one slug every .05 see. At the end of 
60 see, the power was switched off and the power consumed, 
as indicated by the whr meter, recorded. The power required 
to grind the 50 g sample was the grinder power consumption 
under load minus the no-load power. 

The grinding head, consisting of the feed screw, rotating 
knife, perforated plate, plate retaining ring, and the housing, 
was washed, dried, and replaced with the locating pin in place. 
The above procedure was repeated for the duplicate sample. 
The difference between the values of the two determinations 
was used as a measure of the variability (reproducibility) of 
this method of measuring tenderness. 


FINDINGS 


1. In reeording the no-load power consumption at 5-min 
intervals, beginning with a cold start, it was found that a 
constant value was not attained before an elapsed time of 
approximately 80 min. A characteristic curve of power con 


sumption vs. time is plotted in Figure 2. 


TimMe MINUTES 


Figure 2. No-load power consumption per minute vs. time, 
for Hobart mixer model N 50. 


2. The effect of changes in line voltage upon the no-load 
power consumption is plotted in Figure 3. It was found that 
a change of one volt (or less than 1% of line voltage) caused 
.025 


200 


a change of .025 whr or approximately 12.5% in the 


power consumption of an average load of .200 whr. By means 

of adjusting the Powerstat, it was possible to maintain an 

exact line voltage (Figure 4). The no-load readings were how 
.0066 


reproducible within .00667 whr, or 
180 


379%, using the 
average value of the no-load power as .180 whr. 

3. The retaining ring of the grinder was returned to the 
same fixed position on the grinder housing by means of the 
locating pin. As a result, the friction of the moving parts re 
mained constant. It was found that the no-load runs, with line 
voltage maintained constant, were now reproducible within 
00667 whr. 

All the apparatus used for the meat grinder operational 
tests are illustrated in Figure 5. 
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VOLTS 
Figure 3. No-load power consumption vs. line voltage of a 
Hobart model N 50 meat grinder. 


DISCUSSION 


Stabilizing of motor. The findings indicate the ne 
cessity of a warm-up period before stable values may 
be attained. The power consumption of a motor is 
maximum at the start and decreases with time, until 
a condition of stabilization is reached. This is due to a 
rise in resistance value of the copper field coils with 
increase of temperature. The actual change in resist 
ance may be computed from the formula 


Rio = Ru [1 + a4 (te — ty) 
R,» = final resistance of wire in ohms 
R,, initial resistanee of wire in ohms 
t. = final temperature of wire in degrees centi 
vrade 
t; = initial temperature of wire in degrees 
centigrade 
ay temperature coefficient of copper wire 


In the operating range of this study, the change in 
resistance may be considered proportional to the 
change in temperature. It is therefore evident that 
the temperature of the motor must reach a constant 
value before it will operate at a non-variable rate of 


power consumption 
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Figure 4. Graphic recording of voltage for 60-second power 
determination. Voltage controlled by powerstat autotrans- 
former. 


MEASURING BEEF TENDERNESS BY THE ELECTRIC MEAT GRINDER METHOD 583 


The graph in Figure 3 indicates the relatively great 
influence a smal! fluctuation in line voltage has on the 
power input. From the relationship 


Es 
R 


it is seen that the power is proportional to the square 
of the voltage. As the load power is small. the effect 
of a small change in voltage becomes an important 
factor. 


The accurate determinations of power was made 
possible by the use of a Powerstat Autotransformer 
and a recording itmeter to maintain a constant 
voltage to hie \ line fluctuation could easily be 


corrected before an error would become significant. 
The steady state condition of line voltage attainable 
by this method is illustrated by the evraphic record- 
ing, Figure 4. The same degree of accuri cy obtainable 
in an automatic voltage regulator would require a 
rather costly precision instrument The commercial 
grade of regulators operating at a regulation of 


approxin ate ly 1& would be inadequate. 


Bes 
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Figure 5. Electrical instruments and apparatus used in meat 
grinder determinations 


The current variation due to a 50 & load of a Hobart 
model N-50 is impx rceptible for practical purposes, 
due to the relative large idling current of the motor. 
The Duncan Portable Watt-Hour Meter is adequately 
sensitive to minute changes of power, and it eliminates 
the possible human error of recording at 5-see inter- 
vals as done by Mivada and Tappel FAP The uses of 
a power meter results in a greater accuracy than at- 
tainable by an ammeter alone as the power factor at 
various loads would be inherently corrected. 

The readings of the Dunean meter are readily con- 
verted to Joules to permit comparison with the work 
of others. One revolution of the meter registers 2 
whr. As the dial is divided into 100 subdivisions, each 


subdivision therefore becomes 


00667 whr or 


100 


Q0667 X 3600 24 Joules 
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An average sample of 50 g of beef registers 33.5 sub- 
divisions. On this basis, the average Joules/g will be 
x 24 Joules = 16.1 
This compares with a range of 10.4 to 16.2 Joules per 
g as determined by Bockian et al (1), based on 10 
samples. 

The direction of the grain in the beef has little or 
no effect on the grinder tenderness determinations, 
but it is of major significance in the other two 
methods. In many samples, the true grain pattern 
was difficult to discern. 

In order to further reduce some variations in ten- 
derness measurements that are still present in the 
grinder method, it is recommended that an automatic 
timer be used in the power cireuit. The timer should 
shut off the grinder motor at the end of the test run. 
Investigations indicated that there was an error intro- 
duced by operating the switch manually. 

The meat grinder chosen for a tenderness measure- 
ment should not be larger than the size of the average 
kitchen type, for the reason indicated by the follow- 
ing relationship : 


total power = no load power + load power 


It is evident from the above that the recorded total 
power will be in a greater proportion to the load 
power if the no-load power is kept to a minimum. 
This will result in a more sensitive recording of the 
measurement of tenderness. 

To compare the variation of tenderness measure- 
ments of the meat grinder with other methods, tests 
were conducted simultaneously using the Warner- 
Bratzler Shear and the Orifice methods. Samples for 
the three methods were taken from the same section 
of beef. The resulting coefficients of variation are 
listed in Table 1. On the basis of 33 tests, the coeffi- 
cient of variation for the meat grinder was 5.5% 
against 15% for the Orifice method, and 19.4% for 
the Warner-Bratzler Shear method. 


SUMMARY 


Preliminary tests were conducted to determine the 
causes of variation in the measurement of meat tender- 
ness using the meat grinder method. The principal 
causes were found to be due to changes in the motor 
temperature, fluctuations of line voltage, and the 
variable friction of the rotating grinder elements. 

The variations of the motor temperature caused a 
change in the power consumption of the motor. It 
was found that a warm-up period of 80 minutes was 
adequate to establish a constant temperature and, 
therefore, a uniform rate of power consumption. 

The line voltage fluctuations were effectively con- 
trolled by incorporating a Powerstat Autotransformer 
in the power circuit. Manual adjustment of the 
Powerstat resulted in a constant voltage. 


TABLE 1 


A comparison of the coefficient of variation for three methods 
of measuring meat tenderness based on 33 tests 


Average Average 
Method Average standard of coefficient 
mean 
deviation of variation 
Warner-Bratzler 15.2 lb 2.97* 19.4% 
Shear 
Orifice 551.4 Ib/sq in* 82.8* 15% 
Meat Grinder .227 whr 0193 5.57% 


* Schoman, Jr., CO. M., “The Effect of Oven Air Temperature, ir 
culation and Pressure on the Roasting of Top Rounds of Beef and on 
Factors Determining its Acceptability.” Rutgers, The State University 
New Brunswick, New Jersey, April 1960 

Each test consisted of 10 Warner-Bratzler Shear or Orifice de 
terminations, 5 determinations were made on one meat plug parallel 
to the grain and 5 determinations were made on another meat plug 
perpendicular to the grain. Both plugs were taken from approximately 
the same part of the meat (top round). These were added and aver 
aged. The 33 individual tests were added and averaged in order to 
obtain the Average Mean. The standard deviation was determined by 
first checking for homogeneity of variances between samples parallel 
and perpendicular to grain; this was done by using the “F’’ test. There 
was no reason to believe that the variances were different at a .05 level 
of significance; therefore, the variances were combined and the averag¢ 
standard deviation determined from the 33 tests. The meat plugs ob 
tained from the Warner-Bratzler Shear determinations were used in the 
meat grinder determinations. Each meat grinder determination con 
sisted of grinding 11-13 plugs of meat, 5—6 of which were obtained 
from the Warner-Bratzler Shear determinations. 

** The coefficient of variation was determined by the standard of 
deviation (s) and the mean (x) in the following relationship 

CedvV= where the standard of deviation is the average range 


x 
(R) divided by 1.128 when the sample size is 2 or 2.326 when the sam 


ple size is 5 


The variable friction of the rotating grinder ele 
ments was overcome by inserting a removable locating 
pin through the retaining ring and into the grinder 
head housing. This served to prevent excessive 
tightening of the ring which caused a variable fric 
tion between rotating parts. 

The incorporation of the above refinements has re 
sulted in a high degree of reproducibility in the 
measurements of tenderness of duplicate samples of 
beef. The average coefficient of variation obtained by 
this method was 5.57% compared with 15% in the 
Orifice Method and 19.4% in the Warner-Bratzler 
Shear Method. 


RECOMMENDATION 


A further improvement in the measurement of ten 
derness by the Meat Grinder Method can be achieved 
by incorporating an automatic timer in the power cir 
cuit. The timer would shut off the meat grinder at the 
end of a pre-set run. This would prevent a significant 
error introduced by operating the switch manually. 
Tests indicated that small kitchen mixers should give 
the best results. 
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announcing VERSENE CA 
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CONTROL SPOILAGE LOSSES 
WITH NEW DOW CHELATING AGENT 


A NBW APPROACH to problems caused by trace metal 
ions in food is now available. Versene® CA chelating 
agent is calcium disodium EDTA (calcium disodium 
ethylenediaminetetraacetate dihydrate)—a product de- 
veloped specifically for the food industry. It chemically 
inactivates troublesome metal ions such as iron, copper 
and nickel. Such ions, unless controlled, can cause for- 
mation of undesirable precipitates and complexes and 
catalyze oxidative degradation. 

UNWANTED PRECIPITATES AND COMPLEXES are widely 
encountered in food products. Insoluble, needle-like 
struvite crystals frequently form in canned seafood, 
decreasing customer acceptance. Complexes of heavy 
metals appear to be a cause of “gushing” or “wildness” 
in beer and cloudiness and sedimentation in wine. Ver- 
sene CA chelating agent solves both these problems. In 
addition, it may be utilized to eliminate the undesirable 
blackening caused in cauliflower, asparagus, and pota- 
toes by iron complexes. 

RETARDATION OF OXIDATION with Versene CA is an ex- 


cellent method for stabilizing flavors and odors and 
thus extending the shelf life of food products based on 
fats and oils. Inactivation of metal ions not only elimi- 
nates the catalytic effect of the ions on the oxidative 
process, but also enhances the effect of anti-oxidants 
such as ascorbic acid. Versene CA has been shown to 
eliminate the white ring which commonly forms on the 
surface of French dressing during storage. Retardation 
of oxidation extends the shelf life of mayonnaise, salad 
dressing, margarine, nutmeats, and similar products. 
FDA REGULATIONS on the use of Versene CA in sandwich 
spreads, malt beverages, and in non-standardized sauces 
and dressings were published in the August 4, 1960 
issue of the FEDERAL REGISTER. Further regulations 
under the Federal Food, Drug and Cosmetic Act are 
expected to permit the use of Versene CA in other food 
products. 
FOR FURTHER INFORMATION and samples write Technical 
Service and Development, THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Department 605 KD11. 

See “The Dow Hour of Great Mysteries’ on NBC-TV. 
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In Vitro Effects of Chlortetracycline on Bacteria 
Indigenous to Gulf Shrimp and Oysters: 


(Manuscript received May 16, 1960 


Srou.scr OF SHELLFISH has been 
attributed to enzymatic degradation caused by con- 
taminating microorganisms. Several publications by 
Tarr (12), Gillespie (9) and Farber (15) have re- 
ported antibiotics to be beneficial in retarding bac 
terial spoilage of seafood products. 

Use of chlortetracyeline (CTC) in shellfish preser- 
vation has been studied by Abbey (1), Bailey (2), 
Boyd (3), Camber (4), Farber (6), Fieger (7, 8), 
Higman (10), Novak (11) and Vance (12). Inelu- 
sion of CTC in dips and washes for shrimp and oysters 
prior to packing has resulted in an extension of their 
ice storage life. Experimental evidence suggests this 
prolonged quality retention is the result of main 
taining reduced bacterial counts in CTC treated 
samples. 

This experiment was designed to determine and 
compare the degree of inhibition of bacteria in- 
digenous to Gulf shrimp and oysters in solutions con- 
taining 5 and 20 ppm CTC. Microorganisms eom 
monly found on these shellfish in their environment 
have been isolated, identified according to genus, and 
tested for their ability to survive and reproduce in 
media containing these concentrations of CTC. 

Although numerous species of bacteria, yeasts and 
molds have been isolated from Gulf shrimp and oys- 
ters, only a relatively small number have been isolated 
repeatedly. 


EXPERIMENTAL 


Materials. (Oysters: Commercially shucked seleet oysters 
(Ostrea virginica) purehased in New Orleans, were packed un 
washed in gallon cans, placed in ice in Aretie hampers, and 
transported to the laboratory in Baton Rouge, where they were 
used within 3 hr. All oysters were from Louisiana beds. 

Shrimp: All of the shrimp (Penaeus setiferus) were col 
lected by trawling for 30 min in Barataria Bay, Louisiana; or 
in the Gulf adjacent to the Bay. After landing the eatch on 
deck, trash fish were separated, the shrimp were headed and 
washed with sea water. Shrimp were brought to the Louisiana 
Fish and Wildlife laboratory at Grand Terre and used within 
2 hr after landing. 

Both air and sea water temperatures on the fishing grounds 
ranged from 15° C to 35° C during collection of the oysters and 
shrimp. 

Preparation of samples. Oysters: Approximately 100 g of 
drained oysters were homogenized with an equal amount of 
sterile distilled water in a Waring blender for 3 min, and then 
serial dilutions were prepared from the homogenate. 

Shrimp: Approximately 25 g of drained, headed shrimp were 
homogenized with suflicient sterile distilled water to make a 1 
to 10 dilution. After mixing in a Waring blender for 3 min, 
serial dilutions were prepared from the homogenate. 
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Isolation and identification of microorganisms. Oyster media: 
Nutrient agar and broth containing 0.5% sodium chloride and 
2% oyster tluid were prepared 
Shrimp media: Nutrient agar and broth containing 0.5% 
sodium chloride and 2 homogenized shrimp (1 part shrimp, 
2 parts water) were prepared 

All media were adjusted to pH 7.0, and autoclaved at 121° C 
for 15 min, 

Aliquots of the ser lutions of oysters and shrimp were 
plated on the appropriat gar for total counts and isolation 
he organisms All plates ere incubated for 72 hr at 28° C. 


Selected isolates were transferred to and maintained on slants 


or stabs of the same agar for the purpose of identification. 
Organisms were identified by morphological and cultural 
charaeteristies according to procedures listed in the Manual of 
VUcthods for Pure ¢ f Study of Bacteria, and other sources 
where necessary, Allocation into a genus was made from 
Bergey’s Manual of Determinative Bacteriology. Sinee several 
species exhibiting distinet biochemical differences were un- 
classified in the manual, and since in most instances these dif- 
ferent species of the same genus reacted uniformly to the anti- 
biotic, definite classification was not considered necessary. 


Method for inhibition tests. Solutions of CTC were made 
with sterile distilled water and added to the broths described 
previously so that the final concentrations of CTC were 5 and 
‘) ppm, Inoculations were then made with one drop of 18 hr 
cultures grown in the appropriate broth. All tubes were ineu- 
bated at 28° C, and the degree of inhibition was recorded after 

7 and 14 days. Tests were repeated during the year from 
new isolations of the organisms made during each season to 
determine whether or not the same organisms are predominant, 
and to ascertain if any seasonal changes would affect their 
reaction to CTC, 

Organisms isolated from Gulf oysters and shrimp and their 


sensitivity to chlortetracyeline are shown in Tables 1 and 2. 


RESULTS AND DISCUSSION 


A majority of the predominant and often recurring 
bacteria in oysters and shrimp were inhibited for 3 
days in 5 ppm CTC, but all of these organisms were 
inhibited for 3 days by 20 ppm CTC. 

None of the organisms tested were inhibited com- 
pletely for 7 days in 5 ppm CTC, although the tur- 
bidity in most tubes was less than in the controls. 
Ilowever, most of the cultures were inhibited com- 
pletely for 7 days by 20 ppm CTC. 

All organisms tested showed some degree of growth 
in all concentrations of CTC after 2 and 3 weeks. 

Organisms considered to be an index of pollution 
were found on some oysters which were cultivated in 
inland areas where such contaminants sometime occur. 

Very few coliform organisms were isolated from 
shrimp immediately after catching, and could not be 
listed in the often recurring category. Most con- 
taminants were bacteria usually found in salt water. 

Concentration of 10 ppm CTC was also evaluated, 
and its effectiveness in inhibiting the isolates from 
both shellfish was almost identical with results ob- 
tained in 5 ppm CTC. 
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TABLE 1 
Inhibition of bacteria in oysters by chlortetracyline 


5 ppm CTC 
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20 ppm CTC 


Organism No of species Days Days 
1 3 7 1 3 7 
Predominant 
Achromobacter 4 4 + (2)—(1) 
Pseudomonas 2 (1) — (1) _ (1)— (1) 
Alkaligenes 2 + 
Often recurring 
\eromonas 2 
\erobacter 1 om 
Escherichia 1 — + + 
Flavobacterium 3 _ + (2)— (1) 
Numbers in parentheses refer to no of species inhibited or not inhibited. + Inhibition No inhibition 
TABLE 2 
Inhibition of bacteria in shrimp by chlortetracycline 
5 ppm CTC 20 ppm CTC 
Organism No of species Days Days 
. 7 1 3 7 
Predominant 
Achromobacter 4 om (3) 1 
Flavobacterium 1 + +(3)— (1) — 
Agarbacterium (2)— (1) 
Often recurring 
\eromonas 4 _ j 
Pseudomonas 2 +(1)— (1) af 4 1) — (1) 
Chromobacterium 1 + + 
Numbers in parentheses refer to no of species inhibited or not inhibited. + Inhibition No inhibition 


included Seeccha- 
Torulopsis, Han- 
veasts.’’ None of 
the concentrations 


Yeasts isolated from shellfish 
romyces, Rhodotorula, 
senula, Cryptococcus and ** black 


inhibited by CTC in 


Candida, 


these 
studied. 


were 


SUMMARY 
Most bacteria found on Gulf oysters belong to the 
Pseudomonas, Alkaligenes, 
Escherichia, and Flavo- 


genera Achromobacter, 


Ae romondas, Aerobacter, 
bacterium. 

Most bacteria found on Gulf shrimp belong to the 
genera Achromobacter, Flavobacterium, Agarbacteri- 
um, Aeromonas, Pseudomonas, and Chromobacterium. 

Concentrations of 5 to 20 ppm CTC inhibit growth 
of these organisms for periods of three to seven days 
when tested in vitro. 

Predominant and often recurring organisms found 
on Gulf shrimp and oysters are present during all 
seasons of the year, and new isolations of these or- 
ganisms made during different weather periods were 
not affeeted in their reaction to CTC. 


CONCLUSIONS 
Employment of washes and dips of 5 to 20 ppm CTC 
have been reported to extend the ice storage life of 
Gulf oysters and shrimp for a period of 3 to 5 days. 
Results reported here show that these concentrations 
of CTC inhibit growth of most bacteria indigenous to 
these shellfish for a similar period of time when tested 


in vitro, 
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Volatiles Contributing to the 
Flavor of Bartlett Pears’ 


(Manuscript received May 31, 1960) 


A CONSIDERABLE AMOUNT of atten- 
tion has been directed to the gross composition of pear 
fruits (4, 15, 20) and various workers have studied 
the specific groups of compounds that are present. 
Ash and Reynolds (3), Phillips, Pollard and Whiting 
(11), Tanner and Rentschler (17), Ulrich and Thaler 
(18), and Winkler (21) are among those giving par- 
ticular attention to the organie acids. Strain (16), 
Kidd et al (7), and Martin (8) are among those who 
studied the various sugars and polyols of pears. An 
excellent literature review accompanies Hulme’s (6) 
contribution. Antoniani, Federico, and Serini (1), 
Antoniana and Serini (2), and Serini (13) have at- 
tempted to correlate the degree of maturity with the 
content of biacetyl and acetoin. Pangborn and 
Leonard (10), Simone et al (14) and Valdes, Simone 
and Hinreiner (19) have studied the effects and inter- 
relationship of organie acids and added sugar to con- 
sumer acceptance. Claypool et al (5), reporting on 
the influence of ripening temperature, maturity, and 
growing area on pear quality obtained a correlation 
between volatile reducing substances and decrease of 
pressure within the ripening fruit. 

Little attention has been given the volatiles, which 
are ultimately responsible for the characteristic pear 
aroma. Although .few fruits possess as tantalizing an 
aroma as fresh, well-ripened Bartiett pears, pear 
purees produced by conventional processes from this 
same fruit are notably flavorless and often insipid. In 
the conventional canning process, volatiles, including 
many that contribute to flavor, are driven off to the 
atmosphere with the result that the cannery is blan- 
keted in a rich, desirable aroma, but the puree pro- 
duced is almost totally lacking in flavor. 

The design of an entirely closed processing system 
poses many problems, and reineorporation of volatiles 
expelled by the required heat would be difficult to 
control. This work was directed toward isolating these 
volatiles, and studying the influence of the intact 
mixture and its components on the flavor of Bartlett 
pears. 


EXPERIMENTAL 


Preparation of essence. Fresh, ripe Bartlett pears, were 
processed in an enclosed system (Figures 1-3), ported at the 
end of the inclined thermal serew and at the disintegrator.' 
The volatiles expelled through these ports were conducted to 
two condensers in series, and trapped as aqueous essences. As 


*This project was supported in part by funds from Pear 
Zone No 1, 

» Presented at the Twentieth Annual Meeting of the Insti 
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Figure 1. Essence recovery unit. A, infeed hopper. B, 
infeed screw, sealed and enclosed. C, inclined thermal screw 
with neoprene-gasketed cover. D, disintegrator. E, thermal 
holding screw with neoprene gasketed cover. F, product dis- 
charge. G, vapor take-off No. 1. H, vapor take-off No. 2, 
I, vapor take-off line, connected to both vapor take-off No. 1 
and No. 2. J, condenser No. 1. K, condenser No. 2. 


ndieated in Table 1, considerable variation was experienced 
n the volumes of essence recovered in different runs. Whether 
this variation was only in the quantity of aqueous earrier, or 
ilso influenced the amount of volatiles in the essences is not 
known at this time Essences used in these studies were re 
covered from condenser No 2, and were much richer in aroma 
TABLE 1 
Operating conditions and recoveries, essence recovery unit 
lemperatures Cc Essence recovered 
nds of are 
pears hern 6 Discharge | Condenser 1 | Condenser 2 
screw 
1207 215 °10 192 164 Ib 2910 ex 
1078 210 2 ls 22 Ib 435 ce 
7TR0 210 18 178 6 lb 600 ce 
1567 215 190 35.5 Ib 3270 ce 
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Figure 2. Essence recovery unit. A, infeed hopper. B, 
infeed screw. C, inclined thermal screw. I, vapor take-off line. 
J, condenser No. 1. K, condenser No. 2. 


Figure 3. Essence recovery unit. A, infeed hopper. C, in- 
clined thermal screw. E, thermal holding screw. F, product 
discharge. G, vapor take-off No. 1. I, vapor take-off line. J, 
condenser No. 1. K, condenser No. 2. 


than the bulk essence recovered at condenser No 1. These 
essences possessed the typical desirable aroma of fresh Bartlett 
pears, and the addition of essence to pear purees resulted in 
striking flavor improvement. Essences were placed in poly- 
ethylene plastic bags, frozen and stored at 0° F. 

Preparation of extracts. As needed, batches of essence were 
thawed, saturated with C.P. sodium chloride, and extracted 
with an organic solvent. Ethyl ether, pentane, isopentane, and 
ethyl chloride were tried. The latter was selected because it 
gave good extractions, and its lower boiling point permitted 
excess solvent to be removed more easily. 

Extraction of 3 liters of aqueous essence was accomplished 
with 4 extractions, each using ea 300 ee ethyl chloride. The 
major portion of the extracting solvent was removed in a 
rotary flash evaporator, leaving perhaps 15 ce of material with 
a strong aroma of fresh pears. The actual coneentration of 
residual ethyl chloride was not determined. 

Gas chromatography. The concentrates were examined by 
gas chromatography on several types of columns, and the best 
results, in terms of maximum number of fractions and the 
degree of their separation, was achieved with diethylene- 
glyeolsuecinate (DEGS) on Chromosorb. Figure 4 illustrates a 
typical eurve at 175° C. Separations for aroma analyses were 
achieved on a commercial gas chromatograph, using a four- 
filament thermal conductivity cell, with separately heated in 
jector and collector. The column was 4% in x 10 ft, stainless 
steel, DEGS on Chromosorb at 175° C. The injector was main- 
tained at 250° C and the collector at 275° C. The flow rate was 
50 ec helium/minute. Fifty ul injections were made, and 


Figure 4. Chromatogram of 1.5 ul of pear essence extract. 
'%4-in x 10-ft stainless steel column, 20° DEGS on Chromsorb 
at 175°C. Flow rate, 50 cc He./minute. 


separate glass collector tubes were inserted with each trap to 
avoid the danger of contamination of subsequent fractions by 
condensation within the lead out tube. Monel connector tubes 
were used with a % in x 5 ft preparatory column and 200 gl 
aliquots injeeted, in collecting samples for the taste analysis. 
Aroma evaluation. Individual fractions and combinations 
thereof were collected for fiavor analysis by bubbling the 
effluent from a gas chromatograph (see below) through iced 
redistilled water. Using the triangular testing methodology, 14 
judges were selected on the basis of their olfactory acuity for 
dilute concentrations of pear essence. Twenty-five ml samples 
of freshly distilled water containing 4 and 8% of the trap 
solutions from the gas chromatographic fractionation (desig 
nated as ‘*X’’) were compared against distilled water blanks 
(designated ‘*O’’) using all possible combinations: XXO, 
XOX, XOO, OOX, OXO, OXX. Samples were presented at 
9:45 A.M. in coded, covered wine glasses to judges seated in 
individual, partitioned booths. On each of 20 conseeutive days, 
each judge received two sets and was asked to evaluate the 
odor as indieated in the seore card illustrated in Table 2. The 
method developed by Roessler et al (12) was used to establish 


significant differences. 


TABLE 2 
Pear aroma panel scoring card 


Sniffing procedure: 
1. Handle glass by stem, only. 
2. Swirl contents in glass gently, remove lid, sniff, then replace lid 
Indicate below which sample is different and which sample(s) has 
the greater pear aroma. 
Describe the aroma of each 


Samples may be re-sniffed as often as necessary 


Sample Different Greater Aroma 
number sample aroma description 


Although the actual concentration of the individual frac 
tions presented to the panel is unknown, the relative concen 
trations are of the same order occurring naturally in the fruit. 
Consequently, these results should indicate the role played by 
each individual fraction in determining flavor acceptability of 
the pear. 


RESULTS AND DISCUSSION 


Thirteen fractions were originally presented to the 
panel for analysis. The results (Table 3) combined 
with those of subsequent studies, indicate that frac- 
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NOW AVAILABLE... A 100% NATURAL 
FORTIFIER TO IMPROVE AND 
ACCENTUATE THE FLAVOR OF 


MUSHROOM 


Food manufacturers have long needed this convenient, highly concentrated 


flavor to strengthen the character of their mushroom-flavored SOUPS, 
GRAVIES, MEAT PREPARATIONS, SPAGHETTI and BARBECUE 
SAUCES, CHEESE DIPS, CONDIMENTS and other food delicacies. 
FRITZBRO 


MUSHROOM 


CONCENTRATE is made in our own plant from selected grades of imported 


mushrooms. Its flavor strength is many times that of the domestic variety pee 
and its use lends a taste-pleasing bonus to the food product’s flavor. It has | 
great stability, is entirely free of all bacteria, molds and fungi, and it mixes 


easily in aqueous solutions. Our AROMALOK 


MUSHROOM 


supplies the same high-quality, concentrated effect in instant-powder form. 


Generous testing samples - either liquid or spray-dried - will be supplied 


FREE upon request. 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, III., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 
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| This little old woman, who lives in a shoe, 
Buys lots of food, good thing its true 


That foods protected with ‘ 


Stay fresher longer...thig easy way! 


ODAY A WIDE RANGE OF FOODS get the benefits of ‘freshness 
protection” thanks to SORBISTAT-K (potassium sorbate, Pfizer). 
By effectively inhibiting mold and yeast growth, SORBISTAT-K 

keeps food fresher—and extends its shelf life! 

These are some of the products where SORBISTAT-K has 
proven highly successful: 
e fresh fruit cocktails e high moisture cake batter e cake 
fillings and icings e fruit pie fillings e cheeses e fountain 
fruit syrups e chocolate syrups e prepared salads « 
pickles e dietetic jams and jellies e smoked and pickled 
fish e wine e dried fruits. 
SORBISTAT-K is readily soluble in water. You 
can prepare up to 40% solutions for sprays, 
dips and metering. It has little or no effect 
on the taste. 
New Improved sorsistat For Dry Mix and Oil 
Solution — Pfizer now offers sorsBisTAT (sorbic 
acid, Pfizer) for applications where 
water solubility is not a factor. This 
improved form has an extremely 
low moisture content. 

SORBISTAT is a free-flowing 
product that dissolves read- 
ily in oil and fat media and 
can be mixed easily in dry 
form with other dry food in- 
gredients. Complete techni- 
caldata on both sorBisTAT-K 
and SORBISTAT will be sent 

on request. Write today. 


Science for the world’s well-being 


CHAS. PFIZER & CO., INC. 
Chemical Sales Division 

630 Flushing Ave., Brooklyn 6, N.Y. 
Branch offices: 

Clifton, N. J.; Chicago, 

San Francisco, Calif.; 

Vernon, Calif.; Atlanta, Ga.; 

Dallas, Texas; 

Montreal, Can. 
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VOLATILES CONTRIBUTING 


TABLE 3 


Pear aroma panel results 


DEGS N No N Description 


Sig 
Fractions Conc Judges | Correct & (in order of frequency) 
i 24 79.2 — Pleasant, sweet, weak 
1—5 8 1 ’ Pleasant, sweet 
7 64 Pleasant, fruity, banana 
pear 
g ; 100.0 Pleasant, strong, banana 
pear 
10 4 t 69 Pleasant, weak, banana 
pear 
- 13 Pleasant, banana, strong 
pear 
15-18 26 Unpleasant, pine-pear 
13 Pleasant, strong, pine 
pear 
19-21 i 23 79 ‘ Neither pleasant nor 
unpl., weak, pine-pear 
14 85.7 Unpleasant, weak, pear 
pine 
o4 Extremely weak 
14 Faint, pear-pine 
26 on Very weak, sweet 
pleasant 
14 Very weak, delicate 
pleasant 
7 i 2A 42.9 * Faint, unpleasant 
14 504 Very weak, sweet 
on i 6 10K Pear, pleasant, sweet 
12 Pear, pleasant, strong 
1 26 69.2 Pleasant, weak, sweet, 
pear 
12 41.2 Pleasant, sweet, pine 
pear 
i i 54 Very weak, pleasant 
1 Sweet, pine-pear 
1 i 69 Pleasant, piney, 
pineapple 


Unpleasant, weak, pitch 
pine 
. 11 10.9 Pleasant, pine 
Sig. at P 0.01 
Sig. at P = 0.001 


tions 15-18, 19-21, and 27 are undesirable components, 
variously described as ‘‘pitech’’ or ‘‘piney.’’ Frae- 
tions 24, 25, and 30 are evidently desirable, but in 
the natural pear they occur at such a low level that a 
significant portion of this trained panel failed to dis- 
tinguish them from the distilled water controls at 
their normal level of oceurrance. 

Taste testing was done with canned pear nectar con- 
taining 5% sucrose, fortified with 1) fractions 2—10 
and 28-31: 2) fractions 11-27; and 3) fractions 2—31 
(control). Collections were made by conducting the 
effluent from a gas chromatograph through a short 
length of monel tubing to ice water traps. Some 
degree of unpleasantness was apparent in the flavor 
of each of these samples, although it was generally 
agreed that the samples containing additions of frac- 
tions 11-27 were most unpleasant. Judges familiar 
with oxidative defects characterized this off-flavor as 
‘‘tallowy.’’ During exploratory separations in this 
laboratory, it was observed that gas chromatography 
through copper columns gave atypical separations. It 
is possible that at least one of these components is an 
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unsaturate, capable of a copper-catalyzed oxidation, 
and that both the essence recovery and subsequent 
examinations should avoid copper or copper contain- 
ing alloys. 

The curve shown in Figure 4 is typical of those 
obtained from a series of separate essence recoveries 
and extractions. In those fruits so far processed for 
essence recovery, there have been no striking differ- 
ences in the relative amounts of different fractions, 
although the relative amounts of 20-21 were observed 
to reverse in one case. Assuming one could obtain 
representative samples, it would be interesting to 
compare fruits from different regions, and at different 
degrees of maturity, and follow the changes in the 
vas chromatographic curve 

These results suggest that pilot lots of pears could 
be steam distilled, extracted, and examined by vas 
chromatography to accurately evaluate the relative 
amounts of desirable and undesirable flavor .com- 
pounds. This would permit selecting pears directly 
on the basis of flavor content, rather than some other 
measurable property that has been shown to correlate, 
in the average case, with dessert quality. Such a 
procedure would permit the grower to evaluate dif- 
ferences in various cultivation and harvesting prae- 
tices. The canner could select pears on the basis of 
their flavor potential, ripen under conditions that 
produce maximal amounts of desirable and minimal 
amounts of undesirable flavor compounds, and process 
at the optimum flavor point. Large quantities of mis- 
shapen and irregular sized fruits, currently discarded, 
could be processed for essence recovery and puree. 
The essence so recovered could be used in fortification. 
An improved canned pear with strong consumer 
appeal is within our grasp 


SUMMARY 

By processing fresh, ripe pears in a specially de- 
signed enclosed system, aqueous essences with the 
typical desirable aroma of Bartlett pears have been 
recovered, Extracts of these have been fractionated 
by gas chromatography to some 32 fractions. Results 
obtained with a trained panel indicate that five of 
these contribute significantly to the desirable pear 
aroma, and perhaps four possess undesirable aromas. 
There are indications that copper or copper alloys 
can cause flavor degradation. Results permit the gas 
chromatographic curve to be interpreted as a ‘‘flavor 
spectrum’’ and suggest methods for accurately meas- 
uring the flavor content of pilot batches of fruit. 

Beeause essence fortification markedly improves 
conventional pear purees, processing of cull pears for 
essence recovery might prove economically feasible. 


Acknowledgments 
The authors are indebted to Mr. Harry Stein for super 
vising the essence recovery, and to Mrs. C. E. Squires and Miss 
Sandra Anton for technical assistanes 


LITERATURE CITED 


1. ANTONIANA, C., FEpERIcO, L., AND Serini, G. Correlation 
between content of 2,3-butylene glycol and acetylmethy!] 
earbinol and the state of maturity of fruit. Chimica 


(Milan), 9, 84 1954 


: 

je 

at 

| 

{ 

ee 

| 

F 

| 

3 
“| 
| 
| 

ie) 


590 


10. 


. CLAYPOOL, L. 


FOOD TECHNOLOGY, NOVEMBER, 1960 


ANTONIANI, C., AND Serint, G. Correlation between con- 
tent of 2,3-butylene glycol and acetylmethylearbinol and 
the state of maturity of fruit. I. Pyrus malus. Ann. 
sper. agrar., 9, 1167 (1955). 

Asu, A. 8S. F., anp Reynoups, T. M. Water soluble econ- 
stituents of fruit. IIT. An examination of the 
and polyols of apricots, peaches, pears and apples by 
paper chromatography. Aust. J. Chem., 8, 276 (1955). 

suRROUGHS, L. F., AND May, Y. P. The composition of 
the juices of some varieties of cider apples. Ann. Rept. 
Agr. Hort. Research Sta, 1953. Long Ashton, Bristol. 

L., Leonarp, 8. J., Lun, B. S., AND StMone, 
M. Influence of level, 
and growing area on quality of canned Bartlett pears. 
Food Technol., 12, 375 (1958). 

Huutme, A. C. Biochemistry of 
Advances in Food Research. 
Press, Ine., New York. 

Kipp, F., West, C., Grirvriras, D. G., ANd Porrer, N. A. 
An the changes in the chemical com 
position and respiration during the ripening and stor 

Ann. Botany (London), 4, 1 


sugars 


ripening temperature, ripeness 


and pear fruits. 
1958. Aenademic 


apple 
Vol 8. 


investigation of 


age of Conference pears. 
(1940). 


Martin, W. FE. Chemical study of ripening process of Bose 


pears. Botan. Gaz., 99, 42 (1937). 

Menuuirz, A., AND Marzikx, B. Zur Kenntis der in Obstsaf 
ten vorkommenden Fluchtigen sauren. Obst. und gem 
severwertung industrielle, 41, 227 (1956). 

PANGBORN, R. M., AND Leonarp, S. J. Factors influencing 


consumer opinion of canned Bartlett Food 
Technol., 12, 284 (1958 

Puiuuips, J. D., Poutarp, A., AND Warring, G. C. Organi 
acid metabolism in cider and perry fermentations. I. A 


Food Agr., 31 (1956). 


pears. 


preliminary study. J. Sei. 


20. 


3. SERINI, G. 


. Srracwan, C. C., Movis, A. W., Atkinson, F. E., 


3. Strain, H. 


Roessuer, E. B., WArkeN, J., AND Guymon, J. F. Signifi- 
eance in triangular taste tests. Food Research, 13, 503 
(1948). 

Correlation between content of 2,3-butylene 

giveol and acetylmethyl carbinol and state of maturity 

of fruit. II. Ann. sper. agrar. (Rome), 10, 857 (1956). 


. Smuone, M., Craypoon, L. L., Leonarp, S. J., anp Luu, 


B. S. Sweetness and acidity canned 


Bartlett pears. Food Technol., 13, 727 


adjustment in 
(1959). 
AND 
Brittren, J. E. Chemical composition and nutritive value 
of British Columbian tree fruits. Can Dept. Agr. Publ. 
862, (1951). 

Sources of p-sorbitol. J. Am. Chem. Soc., 59, 


2267 (1937). 


7. TANNER, H., AND RenrTscHLER, H. The composition of the 


first acid of 
Hug., 45, 


fruit acids of Swiss fruit juices. I. The 
Swiss pear musts. Mitt. Gebiete Lebensm. u. 
142 (1954). 

ULricn, R., AND THALER, O. On the presence and changes 
in several constituents of pears during the course of 
their development. Compt. rend., 240, 1625 (1955). 

VaLpes, R. M., Simone, M. J., AND HuINREINER, E. H. 
Effect of sucrose and organic acids on apparent flavor 
intensity. II. Fruit neetars. Food Technol., 10, 387 
(1956). 

Wippowson, E. M., ann McCance, R. A. The 
composition of foods. Med. Researeh Council 
Spec. Re pt. Ser. 235 (1946). 


chemical 
(Brit.). 


WINKLER, W. O. Report on decomposition of fruit and 
fruit products. J. Assoc. Offic. Agr. Chem., 34, 506 
(1951). 

sil 


on 

| 12 

ss a. 

‘Ke 4 

15 

5 
l¢ 
6. 

+ 

18 

19 

9. 

ll. 
) 

4 

% 

ite - 

NZ 

. 

ae 
Wwe 


Effect of Pressure on Circulation 


Manuscript received May 31, 1960) 


ls RECENT YEARS, more and more 
food industries have begun to explore the advantages 
of in-place cleaning. These procedures generally in- 
volve cleaning of food handling equipment without 
disassembly, and apply the deterging medium by 
means of spray devices (cascade), high pressure jets 
impingement), or recirculation through a_ closed 
system. The first two methods are generally used on 
tanks and vats; the third finds application to pipe 
lines, plate heat exchangers, and other enclosed 
apparatus. 

Although some segments of the food industries use 
these procedures widely, many of the fundamentals 
involved are not yet well understood. Gemmill (4) in 
pointing out the advantages of in-place cleaning, in 
cluded savings in labor and detergent materials, lower 
bacteria counts in the product, and a lower incidence 
of equipment wear. Holland et al (5) studied various 
cleaning regimes under conditions approximating com- 
mercial operations, and made recommendations based 
Cleaning effectiveness was 
followed by swab testing, with attention to both the 


on their observations 


number of bacteria, and the amount and type of soil 
picked up by the swabs. The authors noted a lack of 
correlation between bacterial counts and film deposits, 
and concluded that bacterial counts could not be 
recommended as the sole measure of cleanliness of 
lines cleaned in place. Calbert (1) coneluded that 
satisfactory cleaning of pipelines could be achieved 
by starting with temperatures of 130—140° F, even 
though the solution cooled to as low as 90° F during 
the washing cycle. Smith and Roth (12) recom 
mended temperatures ranging from 125—-140° F and 
160° F for circulating pipelines. For the more diffi- 
cult job of circulating plate heat exchangers, Smith’s 
(11) recommendations have gone as high as 190° F. 
All of these authors have studied the cleaning of 
equipment under conditions approaching commer- 
cial operations, and each has reported conditons that 


‘ 


will achieve ‘‘satisfactory cleaning.’’ If this informa 
tion were graphed with the y axis representing the 
amount of soil present and the x axis representing 
some variable or combination of variables, these re- 
sults would comprise a single point showing that at 
some one value of x (end of the cleaning process), y 
equals zero. Whether y had just attained zero, or had 
been zero for some period of increasing x, would be 
unknown. Actually, the information would be more 
valuable if we know the minimal conditions necessary 
to satisfactory cleaning, because the influence of indi 
vidual variables could then be studied. Investigations 
of this type require that the cleaning process be 


* This investigation was supported in part by research grant 
No. RG6778 from the National Institutes of Health, Public 
Health Service. 


Cleaning’ 


Walter G. Jennings 


Department of Food Science and Tech- 
nology, University of California, Davis, 
Calif. 


stopped short of completion, and are not adaptable to 
study in commercial plants. Also, it becomes neces- 
sary to determine with some precision the amount of 
soil that has been removed. While various methods for 
estimating soil removal have been investigated, the 
best results are achieved with radioactive tracers. 
Sieberling and Harper (10) found that soil deposits 
could be measured with greater sensitivity by radio- 
isotope techniques than by bacteriological counts ; 
Cueci (2) used radioactive phosphorus to measure soil 
deposits in tubings. Jennings, McKillop, and Luick 
(9) followed the rate of removal of dried milk films 
accomplished by various cleaning regimes by meas- 
uring the decrease in radioactivity of P** labeled soil 
films. Because these rates remained the same in in vivo 
and in vitro labeled material, they concluded the 
tracer was a satisfactory index of both organie and 
inorganic milk residues, Their results indicated that 
above Reynolds numbers of 25,000, turbulence became 
very important to the cleaning operation. Once this 
condition was realized test discs or strips in the center 
of the flow stream reflected cleaning conditions at the 
Jennings (6) 
reported that better cleaning was achieved when the 


periphery of the inner pipe surface. 


pump was positioned to pull the deterging medium 
through the system, so that the section to be cleaned 
was under reduced pressure. There were indications 
that this was due to the scrubbing action of entrained 
air, and it was demonstrated that controlled air leaks 
contributed to cleaning 

Jennings (7) later demonstrated that the phenome- 
non of cleaning could be treated from the standpoint 


if chemical kineties, and that rate equations could be 
calculated for the over-all reaction. It was also demon- 
strated that the rate of soil removal is first order with 
respect to soil. This further points up the necessity of 
limiting soil removal studies to removal of ca 60% of 
the soil. To this point, a plot of soil vs time is essen- 
tially straight line—beyond this point, the relation- 
ship is non-linear. Equations that failed to take into 
account changes in reaction rate brought about by the 
decreasing soil concentration would be meaningless 
when applied to a single variable. 

In this work, it was decided to investigate further 


the effect of pressure on cleaning of enclosed systems. 


METHODS AND PROCEDURE 


Standard soil films. Standard soil films were prepared by 


lding sufficient (0.1-0.2 phosphate solution to homoge 
nized milk (100 ml) te give 8000-20,000 counts per min (Cpm 
per ml. Stainless steel test dises, '%4,4 inch diameter (permitting 
direet insertion into the counting chamber, below) were foreed 
into eounterbored rubber stoppers (Figure 1), so that the dise 
formed the botton ) miniature vat The stoppers were 
placed on a steam manifold, and 0.5 ce of radioactive milk was 
ulded. After being steamed to dryness, the dises were removed 


from the stoppers and allowed to stand overnight. 
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Figure 1. Apparatus for depositing standard soil films on 
test discs. 


Determination of radioactivity. Radioactivities were deter 
mined with a thin window Geiger tube in a Tracerlab SC 9 E 
shielded manua! sample changer. The dises fitted directly into 
the slide recesses. A Tracerlab SC 1000 sealer was used to 
record counts. 

After standing overnight, the individual radioactivities of 
the test dises were determined by counting each for a period of 
one minute. The dises were subjected to the specified cleaning 
regime, and radioactivities redetermined with another one 
minute count. Per cent soil removal was taken as 

epm, soiled dise — epm, cleaned dise 
100. 
epm, soiled dise 


The dises were then subjected to manual cleaning with 0000 
steel wool before redepositing new soil films on them. Back- 
ground counts were determined periodically on the manually 
cleaned dises, because P™ apparently adsorbs to stainless steel 
(10). When these counts exceeded 50 epm, the dises were 
cleaned in nitrie acid. 

Recirculating apparatus. The test apparatus has been de 
scribed elsewhere (5, 6). Briefly, it consists of a 50-gal supply 
tank and a 3-HP 120-gal per min pump arranged to recireulate 
the supply tank solution. The unit has throttling valves on 
both the pressure and vacuum side, and the test section (de- 
scribed below) ean be fitted into either the vacuum or pressure 
side. 

The soiled test dises were bolted to brass plates (Figure 
and the plates bolted together over a rubber spacing gasket 
that allowed the dise nuts to recess. This assembly, holding 
40 test dises, was slipped into a 4-foot section of 1% inch glass 
pipe. When installed, the test dises were in a vertical plane, 
and the pipe had a positive slope of % inch per foot. 

In ealeulating the Reynolds number, this unit was treated as 
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Spacer 


Brass Plate 
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Rubber Spacer: 
Figure 2. Test disc support assembly, exploded view. 


if it divided the flow path into two parts. It has been pre 
viously shown (9) that this treatment is valid. Because the test 
dise support strips occupy a finite cross sectional area, it be 
comes necessary to correct for the inereased velocity of the 
fluid flowing over the test discs. A throughput of 4.48 ft/see, 
or 2.13 lb per see, through the test seetion was selected, and 
achieved a Reynolds number of 100,000. This is equivalent to a 
flow rate of 5.34 ft/see in a 1% inch line, 1.375 inches i.d. The 
solution temperature was maintained at 160° F, and the de 
terging medium used in this study was water. 


RESULTS AND DISCUSSION 


The realization that turbulence is important to 
cireulation cleaning, and that turbulence can be in 
creased by pumping larger volumes of solution, has 
led some to the conclusion that good cleaning demands 
a positive pressure within the system. A plot of the 
per cent residual radioactivity for dises cleaned at 
different pressures is shown in Figure 3. All other 
variables were constant. In this, as in other determi 
nations of this type, a certain degree of scatter is 
apparent, but statistical analysis confirms that a rela 
tionship exists. The best-fit line, which was calculated 
by the method of least squares, is expressed by the 
formula y = 0.02018x + 1.7764. It is important to 
realize that pressure changes were accomplished by 
regulating the pressure and vacuum throttling valves 
to achieve the desired pressure without changing the 
amount of solution flowing through the system, as 
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Figure 3. Effect of pressure on rate of soil removal. 
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You're sure... when 
it's a “chip” off the \ block! 


It looks like powder, but it’s real Kraft cheese J Bp —natural, aged cheese—in dry form. 


Always of Kraft quality, always of uniform flavor . without seasonal variations! So you 
can always depend on Kraft dry cheeses to maintain the uniform, good taste that your 
customers demand in your cheese-flavored items. Use Kraft to make all your present 
cheese-flavored foods even better—and to develop new items for extra sales. Kraft 
cheeses are so easy to handle, too. In the drying process they become free-flowing—and 
store better as well, without refrigeration problems. Choose from these Kraft products 
... one is just right for you. CHEEZTANG—selected aged natural Cheddar cheeses, in 
white or golden color. CHE-ZING—a pasteurized blend of Cheddar cheese solids and 
milk powder. ROKA CHEESE FLAVOR—a blend of Cheddar 

cheese, blue cheese and milk powder. All by Kraft! 


Ask your Kraft Man, or write Kraft Foods Industrial Products Division, 500 Peshtigo Ct., Chicago 90, Illinois 
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The initial sale is important but volume is built on 
repeats. That’s why so many food processors are 
including Hercules HVP*-Century powdered in 
their formulations for the flavor of well-browned 
beef. It’s a flavor that brings satisfied customers 
back to the counter again for “‘seconds.”’ 
HVP-Century, a total hydrolyzed vegetable pro- 
tein derived from wheat protein, contains 100% of 
all the amino acids derived from the hydrolysis 
with none of the monosodium glutamate removed. 


The latest addition to Hercules’ full life of HVP 
powder and liquids and MSG, HVP-Century of- 
fers many possibilities for cost savings and process- 
ing advantages. 

A four-page data sheet is available to provide 
complete specifications on HVP-Century as well as 
information on how to compute cost savings and 
convert formulations. A data sheet and a sample of 
HVP-Century, which has FDA acceptance for use 
in many applications, can be obtained by writing: 


Huron Milling Division, Virginia Cellulose Department 
HERCULES POWDER COMPANY 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 
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determined by weighing the discharge received over 
a given period of time. 

Results indicate that not only is cleaning more effi- 
cient at reduced pressures, but that the increase in 
cleaning with decreasing pressure is a linear phe- 
nomenon, and not, as might be suspected, two hori- 
zontal lines breaking sharply at a gauge pressure of 
zero. These data support the suggestion that more 
attention should be given to pump placement in circu- 
lation cleaning. Reduced-pressure circulation is not, 
of course, applicable to use with high foaming deter- 
gents, because foam build up has been demonstrated 
to inhibit cleaning (6). Similarly, it would be difficult 
to maintain any degree of vacuum at higher tempera 
tures, due to the higher vapor pressure of the hot 
deterging medium. It is probable that the beneficial 
effect of vacuum on cleaning would be even more 
striking at lower solution temperatures. 

Many food industries dealing with products where 
copper contamination can be a problem, have made 
great strides in replacing copper containing alloys 
with stainless steel. On converting to circulation 
cleaning, there is a strong tendency to use these dis- 
carded white metal lines for solution return. Dunkley 
and King (3) have shown that under these conditions, 
the copper in the white metal alloy becomes dis- 
tributed through the system, adsorbs to the stainless 
steel in the product zone, and is available to con- 
taminate the product. 


SUMMARY 


Using radioactive soils, it is shown that the rate of 
soil removal by circulation cleaning is greater at lower 
pressures, and that the effect is linear. Thus, the 
cleaning efficiency of a circulation system can be in- 
creased merely by positioning the recirculating pump 
to pull, not push, the deterging medium through the 


area to be cleaned. The probable effects of higher solu- 
tion temperatures and foaming detergents on reduced 


pressure cleaning is discussed. 
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Fouling Inside Heat Exchanger Tubes’ 
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A. ‘CUMULATION of cooked material 
on a metal surface used to heat a food ean be a seri- 
ous Product quality is often affected and 
production rates are always reduced. The extent, or 
even the presence, of the problem may be overlooked. 
Since surfaces often foul very soon after start-up, the 
not have been 


waste. 


performance of clean surfaces may 
observed for comparison (7). 
Fouling has been studied previously by comparing 
heat exchange rates at successive times since start-up 
(1,4). Change of over-all heat transfer coefficients is 
a similar approach (8). Such experiments have 
lacked generality because only the resultant of many 
factors could be For example, different 
temperatures exist at different points along a heat 
exchanger tube. The meaning of changes in the aver- 
age heat flux in a long tube is therefore obscure. Fur- 
thermore, at any position lengthwise, the resistance to 
heat flow is distributed radially between convection 
of the condensate film outside the tube, conduction 
through the metal wall, conduction through the layer 
of foul, and convection through the fluid film inside 
the tube. Most of these resistances can be separately 
affected by varying conditions of operation. Often a 
heat exchange surface is changed permanently dur- 
This has made replication rare 
in fouling experiments. These three difficulties have 
been avoided in the present work. These results are 
valid for well-defined conditions, and can be applied 
to a practical case by calculation of suitable mean 
conditions. Only the results of down-flow inside a 
%4 inch stainless steel tube 6 feet long are reported 


observed. 


ing removal of foul. 


here. Most of the experiments involve boiling of 
tomato. A flow sheet is shown in Figure 1. 
EXPERIMENTAL 
Apparatus. We wished to study factors affecting the flow 
of heat from steam condensing on the outside of a stainless 
steel tube to a temperature-sensitive liquid flowing inside. In 


particular, we wished to know the resistance to heat flow from 
the inside wetted surface of the tube to the liquid passing over 
it. That is, heat flow and the difference producing 
it must be measured in short regions under representative con 
Caleulation shows that on a stainless steel tube through 
heat any temperature sensing 
located in an unrepresentative region. 
wor heat conduetivity of stainless steel. 
even if the liquid and 


temperature 


ditions. 


which considerable is flowing, 


device is necessarily 
This is a result of the 
The effeet therefore 
tlows could be left undisturbed. 


persists, steam 


Our solution was to convert the entire tube into a resistance 
thermometer (5). An electric current was passed along the ex 


changer tube. Wires attached to the tube at various points 
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Figure 1. Experimental equipment. 
allowed measurement of the voltage between them. These 


voltages reflected the resistivity of the stainless steel and there 
fore its temperature. Although the wires did disturb heat flow 
in their immediate vicinities, the voltage pair 
depended on the average metal temperature, not its point value. 
The device calibrated by noting the voltages while the 
empty tube surrounded by steam at 
Under these tube 


between any 
was 
various pressures. 
at the 


was 


conditions, the was substantially steam 


temperature. This arrangement allowed measurement of the 
temperature of the stainless steel tube wall half way in from 
either surface during operation of the exchanger. 

In order to measure heat flux at any position, we used an 


power trans 
along 
surface 


effect long recognized in connection with electric 
When an alternating current was passed 
near the outside 
eurrent, which 


mission lines, 
the exchanger tube, it tended to flow 
of the tube, as contrasted with the direct 
equally distributed throughout the tube wall cross section. 
skin effect arises from the greater self inductance of the 
parts of a conductor compared with the outer parts. The 
surface of the tube was warmer than was the inner surface 
during normal operation. The A-C thermometer therefore re 
ported higher temperatures than the corresponding D-C ther 
mometer. This difference could be correlated with observed 
heat flux based on entering and leaving produet 
temperatures. See Figure 2. Using this technique, we could 
the average metal temperature and its associated heat 
Knowing the thickness and the thermal con 
metal, we could caleulate the inner surface 
temperature vapor fraction during operation. 

It was to measure the inside liquid tempera 
ture in order to find the temperature difference associated with 
different rates of fouling. We fixed a %& ineh tube along the 
% inch exchanger tube. A thermocouple junction 
inserted in this inner tube with a slip fit. The junction 
could be moved along the bore of the heat exchanger so as to 
measure the temperature of the contents at any point. 

The result of these arrangements was that we had a steam 
jacketed stainless steel heat exchanger tube inside of which we 
could quickly measure the resistance to heat flow at various 
Some observations of fouling made within this tube 
Various other experiments are planned 


was 
This 
inner 
outer 


rates and 
observe 
flux at 
ductivity of 


any place. 
the 
and the 


also necessary 


axis of the 


was 


positions. 
are now being reported. 
for this unique apparatus. 

Method. In order to observe fouling, the heat exchange 
surface had to be restored to the same condition after 
experiment, The cleaning technique used was such that the 
surface neither progressively scratched nor polished 
appreciably. The cleaning was repeated until the heat exchange 
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hr ft? °F 

are . All these curves were constructed from numer- 
Btu min 

ous points which were considerably seattered. The data have 

been analyzed statistically ). The trends shown are those 

shown to be significant by this analysis. The surves shown 

represent about 90% of the data to within 20% with respect 


TEMPERATURE 


0 00,90 150,000 
HEAT FLUX BTU/HR FT" 
Figure 2. Radial heat flux versus A-C less D-C resistance 
thermometer temperature. 


resistance reached a particular level when boiling distilled 
water. 

For each fouling experiment the log of hy, the coefficient of 
heat transfer from the wetted surface to the liquid, was plotted 
against time sinee cleaning. This value was extrapolated to 
zero time and taken as the coefficient for the clean surface 
under the conditions in question (Figure 3). The resistance at 
later times was assumed to consist of the sum of the clean sur 

l 
face resistance, , and the resistance of the foul, 
ho he 


This involves the assumption that heat transfer would be the 
same from the foul surface and the clean metal surface if the 
temperatures were the same. Fouling rate is then caleulated as 
the rate of change of with time. This rate is caleulated for 
if 
small regions over short periods of time. The particular units 
10,000 
8900F 


6 900 


4900 


2 p00 
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TIME SINCE CLE AN, MINUTES 
Figure 3. Effect of fouling tomato paste on liquid heat 
transfer coefficients. 


to fouling rate. 


RESULTS AND DISCUSSION 


Effect of temperature. Temperature has by far the 
most important effect on fouling rate. In Figure 4, 


RATE 


FOULING 


240 250 260 270 260 


TEMPERATURE AT WETTED SURFACE, °F. 
Figure 4. Fouling rates of tomato juice and tomato paste. 


the rate of fouling of tomato is plotted against the 
temperature of the wetted surface for all vapor frae- 
tions. This temperature is calculated from the ob- 
served heat flux and the clean surface heat transfer 
coefficient. If these temperatures are plotted as re- 
ciproecals of the absolute temperatures, this figure 
would be in the form of the Arrhenius plot (2). The 
slopes of the lines can then be interpreted as the acti- 
vation energies of the reaction which produced the 
fouling. These values are 50 to 70 k cal/g mole. This 
is within the limits of the range of activation energies 
measured for the denaturation of proteins (3). This 
supports the theory based on other evidence that pro- 
tein denaturation is the initial cause of fouling by 
tomato and some other foods (6). 

Effects of boiling. Fouling is much more rapid 
when tomato paste is being warmed in contrast to 
when it is being boiled for the same wall temperature. 
This effect is shown in Figure 5. In this figure, the 
boiling curve is the same as the paste curve from 
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240 250 260 270 280 


TEMPERATURE AT WETTED SURFACE, °F 
Figure 5. Effect of boiling on fouling rates of tomato paste. 


Figure 4. Due to this effect fouling can begin at the 
entrance to the tube of an evaporator where boiling 
had not vet begun. It could then spread to the re- 
mainder of the tube. 

Effect of vapor fraction. As the weight fraction of 
vapor increases in any region, the rate of fouling 
(Figure 6). This effect does not become 
important until a fairly high vapor fraction, about 


25%, is reached. This change may be stepwise, arising 


inereases 


from abrupt changes in the mode of flow inside the 
exchanger as vapor fraction increases. Because of 
this factor, fouling can begin near the exit of an 
evaporator tube, where the vapor fraction is highest. 

Effect of viscosity. ‘Tomato paste fouls more rapidly 
than tomato juice (Figure 4). This is probably a 
result of the higher viscosity of paste. Synthetic solu- 
tions of low solids content but high viscosity show a 
marked fouling tendeney. 

A number of other factors were tested. The linear 
velocity, mass velocity, and heat flow rate did not have 
effects on fouling except through their relations to 
temperature and vapor fraction. Effects of tube 
diameter and direction of flow are still under study. 


SUMMARY 


A fundamental study of fouling inside heat ex- 
changers has been begun, with emphasis on tomato 
products. Fouling is increased with increasing wetted 
wall temperatures and reduced by boiling action in 
the liquid being heated. Of lesser importance is the 
increase of fouling with increasing vapor fraction and 
with increasing viscosity in the foulable liquid. 


FOULING RATE 


220 230 240 250 260 270 280 


TEMPERATURE AT WETTED SURFACE,°F 
Figure 6. Effect of vapor fraction on fouling rates of to- 
mato juice. 


Various conclusions relative to heat exchanger de- 
sign can be drawn. No considerable steam pressure 
can be used. Therefore ample tube area must be pro 
vided for any rated performance. Thermally satu 
rated feed must be provided at the entrance to an 
efficient evaporator so that boiling occurs throughout 
the tubes. Therefore ample preheaters must be sup- 
plied. No high vapor fraction can be allowed inside 
an exchanger tube. Therefore an evaporator must 
include means of removing vapor, such as multiple 
effects or recirculation. Viscosity should be kept at a 
minimum. Therefore heat exchange should be to a 


liquid of as low solids content and as high tempera 
ture as possible. 
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new SENTRY Sorbic is snow-white and free-flowing 


Developed by CarBipE research just a few years ago, SENTRY 
Sorbic has become one of the most dependable and widely used 
mold inhibitors for control of food spoilage. And because re- 
search in product improvement never stops at CARBIDE, you can 
now get a better Sorbic—a reliable mold and yeast inhibitor that’s 
pure-white and completely free flowing, with little detectable 
odor to affect the flavor or aroma of your most delectable foods. 

Sorbic is widely used in many types of cheese, sliced or cut 
for sale in consumer-sized packages. Pies, cakes, and other 
baked goods can now maintain longer shelf-life—and extended 
saleability—with Sorbic. It is also effective in wines, prepared 


fruits, juices, and vegetables. Low concentrations, usually less 
than '/jo of one per cent, protect food products and your 
profits. And, since Sorbic is generally recognized as safe for 
such uses, there is no Food Additives Amendment problem! 

Test new Sorbic in your food products, now! For a water- 
soluble fungistat, you'll find Potassium Sorbate just the inhib- 
itor you need. It’s another development from CARBIDE research! 

For samples of Sorbic or Potassium Sorbate, and technical 
information, write Dept. H, Union Carbide Chemicals 
Company, Division of Union Carbide Corporation, 270 Park 
Avenue, New York 17, New York. 


Sentry and Union Carsipe are trade marks of Union Carbide Corporation 


UNION CARBIDE CHEMICALS COMPANY 


UNION 
CARBIDE 
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Roasted Coffee 


Color Measurement and Classification® 


(Manuscript received May 18, 1960 


No ONE has ever presented a tech- 
nic for the measurement of roasted coffee color that 
could be considered for adoption as a standard for use 
throughout the coffee industry. No one has ever 
suggested a standard list of names for different colors 
of roast. Nor has anyone tried to associate a useful 
list of names with color values derived from a modern 
method of measurement. 

This paper will describe a simple, rapid, and pre- 
cise method for measuring the color of roasted coffee, 
develop a graded list of names applicable to colors of 
roasted coffee, and show the association between the 
two. 


EXPERIMENTAL 


Equipment. Photovolt reflection meter, Model 610, with 
standard search unit, 610 Y, green tristimulus filter, gray work 
ing standard (19.5¢% reflectance) and glass cuvettes 
inches diam, 1 inch depth, inside dimensions 

Coffee grinders. American Duplex Co., Model 494 G. War 

r. A 
thin metal plate to cover mill when in operation. While the 


ing blender base and coffee mill attachment, without- 


Duplex grinder was used in several experiments, the Waring 
equipment was finally selected for sample preparation because 
it is inexpensive and easily adjusted and cleaned. However, 
any comparable grinder that can be adjusted to give a grind 
at least 60% of which will pass a U.S. No. 30 sieve, should be 
adequate. 

Cuvette coffee press. This simple press was designed and 


built especially for this application. A solid plastie eylinder 


1% inches diam and 1% gz inch high was attached to the bottom 
of a triangular aluminum plate 144 ineh thick. Each side of the 
triangle was 1% inehes long. In each corner of the triangle 


2 inches long. The screws, 


machine serew 


was inserted a “ge 


which formed a tripod were adjusted in height so that the dis 


tanee between the bottom of the cylinder and the inside face 
of the cuvette was %« inch. The legs of the tripod were fixed 
in position by tightening nuts above and below the plate. With 
this press ground coffee in the cuvette could be pressed to a con 
stant depth of 4, inch 

A standard Coffee Brewing Institute coffee measure (volume, 
2 level standard tablespoons), a metal tray (15 x 20 inehes 
approx) on which the grinder was set to maintain some degree 
of cleanliness during sample preparation and a ten ounce glass 
or beaker to catch grounds during the mill cleaning operation. 

Sieve shaking machine, W. 8. Tyler, Ro-Tap with accessory 


equipment for making coffee grind analyses (6). 


Materials 

Coffee. During the development of the standard method for 
color measurement, roasted coffee, both ground and beans from 
several commercial sources was used. Whenever experiments 
of a comparative nature were carried out, only coffee from a 
single source was used. Whenever necessary a grind analysis 
of material was performed. 

To obtain information about the color of a wide range of 
coffee samples a request for beans roasted to various shades 
of brownness was sent to approximately 100 commercial 
roasters throughout the country. Responses from about 40 


‘Presented at the Twentieth Annual Meeting of the Insti 
tute of Food Technologists, May 25, 1960, San Francisco, 
California. 
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roasters were received. The samples were accompanied by de 
scriptive names, to be listed below, corresponding to the degree 
of roast. They were ground as required. Some samples were 
received pre-ground and reground. All samples, whether in 
bean or ground, were reground to a standard particle size dis 
tribution which was finer than that of any sample received for 
color measurement. 

Method for measuring roast color. The coffee mill was 
adjusted to give a grind having approximately 75% of the 
particles small enough to pass a standard U. 8S. No. 30 screen. 
To adjust the mill it was necessary to remove the stop screw 
that normally prevents the grinding plates from touching, to 
rotate the movable plate until it touched the stationary plate 
and then to back off the movable plate until 2 or 3 clicks were 
heard. Replacement of the stop screw then maintained the 


proper setting. 

To obtain accurate readings on different samples run in 
sequence, it was necessary to etsablish a constant and uniform 
grinding procedure. After any sample was ground, the remains 
were brushed from the interior into the feed opening and 
scraped from the outlet. Starting the grinder removed most of 
the residue. Then two measures of the next sample were 
passed through the grinder to force out whatever remained in 
the burrs of the plates. If the small exit door is opened par 
tially, the ground material is blown out with considerable force 
and ean be collected in a waste containe! 

All samples were made representative by riffling repeatedly 
in a sample splitter After the cleaning operation was con 
pleted one additional measure was transferred to the grinder 
bowl, a elean glass cuvette held directly below the exit, the 


grinder turned on, the cuvette filled loosely but uniformly to 


overflowing and finally leveled with the measure handle. 


The filled cuvette was placed on the reflection meter search 
unit. The sample was then compressed to the standard thick- 
ness of “4g inch with the press and reflectance measured on the 
galvonometer. In all of this work the instrument was set to 
read 100 when the standard gray plaque, having a reflectance 
of 19.5%, was placed on the search unit containing a tristi 
mulus green filter. 

\ second reading on the same sample was obtained by re 
peating the process with a clean cuvette. Cuvettes must be 
cleaned after each use. 

Average reflectance readings, multiplied by 0.195 gave 
bsolute reflectance. 


RESULTS AND DISCUSSION 


Development of the method. The method described 
above is the result of many trials by which elimination 
of factors contributing to excessive variation and 
simplification of equipment and procedure were pos- 
sible. The factors affecting precision that soon became 
apparent were particle size of the grind, diameter of 
the sample cuvette, pressure on the sample in the 
cuvette, method of filling the cuvette, and cleanliness 
of the cuvette. Typical experiments illustrating these 
points follow. 

The loose filling of cuvettes could not be controlled 
adequately nor could any degree of hand pressure 
without some guide. Consequently, the hand cuvette 
press was designed and built (Figure 1). Its adjust- 
able screw legs permit packing of a uniformly filled 
cuvette to any depth desired. However, as depth is 
related to pressure, variations in depth will give dif- 
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Figure 1. Coffee cuvette hand press. 


ferences in reflectance. The analysis of data shown in 

Table 1 demonstrates how critical a variation of 44 
TABLE 1 

Effect of pressure on the reflectance of roasted ground coffee 


Reflectance after pressing constant 
initial volume to depth o 


Se in in 1%, in 
Average 6 tests... 5.88 5.57 5.31 
Standard deviatior 0.12 0.07 0.11 
value 5.21 4.61 


inch of bed depth is in the measurement of reflectance. 
It is, however, simple to control the pressure and the 
way in which the reflective surface is prepared. 

The diameter of the sample holder is also critical. 
For example, the analysis presented in Table 2 shows 


TABLE 2 


Effect of change in cuvette diameter on the reflectance of 
roasted ground coffee 


Reflectance of samples in 


cuvettes? 
inch diam inch diam 
Average tests §.52 
Standard deviatior 0.10 0.12 
alue 2.332 
' Loose filled cuvettes pressed to depth of %g inch. 
2 Difference significant at 5% level. 


that a difference of ‘4, inch in cuvette diameter will 
cause a significant difference in reflectance, when the 
same press is used to compact samples. This differ- 
ence should not occur, however, if the body of the 
press is made to conform closely to the diameter of 
the cuvette. The difference between the diameters of 
the hand press and the cuvette should not be more 
than '4¢ inch. 

The variation in reflectance associated with grind 


has already been mentioned. However, if the Waring 


coffee mill were to be used for sample preparation, it 


Was necessary to determine within what limits of 
adjustment it would yield grinds for which reflectance 


would be constant. In Table 3 are presented data 


TABLE 3 
Interrelationship of grinder setting, grind analysis and 
reflectance 
Plate setting 
oa Grind analysis Reflectance 
Stops from tight % thru 30 sieve y) 
position 
76 5.53 
; 62 5.52 
4 54 5.62 
5 42 5.82 
1 Average of 6 tests at each position. Loose filled cuvettes pressed t 


a depth of 4 inch 


showing the relationship between grinder plate set 
ting, grind analysis, and reflectance. If the plates are 
set at 2 or 3 stops from a fully tight position, the 
grinds will be quite fine; approximately 60% or more 
will pass through a U. 8. standard No 30 screen. If 
the grind is at least as fine as this, the reflectance 
values will be constant. As the grind becomes coarser, 
the reflectance values increase. Other tests showed 
that pulverized grinds, those which are ground so 
finely that all of the sample would pass through the 
No 30 sereen, gave slightly lower reflectance values 
Because sample of roasted coffee may be received 
as beans or already ground it was necessary to deter 
mine whether single pass grinding of beans and re 
grinding of ground coffee to the degree of fineness 
required for the measurement would alter reflectance 
It was found (Table 4) that beans ground first to con 


TABLE 4 


Effect of grinding beans and regrinding pre-ground roasted 
coffee on reflectance 


Starting grind Final grind 


Reflectance 
| 
% thru 30 sieve % thru 30 sieve Y? 
Fine—30 80.5 72 


Beans—0 75.0 5.68 


1 Average of 6 tests; loose filled cuvettes pressed to depth of “gq inc! 


tain 30% fine material then reground to about 75‘, 
fines gave the same reflectance as beans ground in one 
pass through the mill to 75% fines. This indicated 
that any commercial sample could be treated as 
recommended. 

Cuvette cleanliness is also extremely critical. Pre 
liminary experiments seemed to indicate that a cuvette 
could be used for the measurement of reflectances of 
duplicate samples. However, as the work progressed, 
it became evident that the first reading was lower tian 
the second almost constantly. Although the difference 
in reflectanee was less than 0.2 of 1% there was 
sufficient evidence to recommend that cuvettes be 
thoroughly cleaned and dried after each use. 

Several studies (2, 3, 4, 5) that were basic to the 
development of the method deseribed above have been 
carried out by Mackinney and his associates. They 
have published important and useful information on 
the relationship between color and color development 
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in varieties of coffee beans and temperature, rate of 
heat input, particle size of grind and flavor. In par- 
ticular they have reported very eritically on the 
capabilities of several reflectance measuring instru- 
ments. Of these the Photovolt reflection meter was 
selected as most suitable for routine laboratory use. 
Little (1) has recently reported the results of a col- 
laborative study in which six of these instruments 
have been compared. Each instrument, although pre- 
cise, differed slightly but significantly from the others. 
As this would probably be true also of other types of 
instruments, it is necessary that inter-laboratory re 
sults be correlated with a standard instrument or 
calibrated against standard color samples. Problems 
associated with standard roasted coffee samples are 
now under consideration. 

Precision of the method. The precision of the 
method was estimated by two approaches. First, by 
analysis of differences between a number of measure 
ments made in duplicate and second, by comparison 
of sample ranking by the instrument and by human 
judgment. 

Two samples of coffee having reflectance values of 
5.00 and 5.93% were mixed with each other in such 
a way that a graded series of 11 samples, adjacent 
members of which differed by about 0.1%, was ob- 
tained. By measuring the reflectance of each member 
in duplicate and in two separate tests a total of 22 
differences was cumulated. The average difference 
was 0.45 scale units; the standard deviation, 0.34 
units. These, converted to reflectanee, were 0.09 and 
0.07, respectively. These values permit the interpre- 
tation that approximately 8 shades of color may be 
differentiated within each percentage unit of refleet- 
ance with a certainty of 95%. 

Actually, the measurements on these samples 
showed that the instrument had no difficulty in sepa- 
rating or ranking correctly all eleven. On the other 
hand, when this same series of samples was randomly 
shuffled and presented to 7 different judges for rank- 
ing, not one of the judges was able to make a correctly 
ranked arrangement. Although the correlation co- 
efficients (7) for the 7 judges, which were 0.95, 0.90, 
0.85, 0.94, 0.88, 0.61 and 0.95, showed a highly signifi- 
cant ability of the judges to differentiate shades of 
roast color within a very small range, this test also 
demonstrated that the judges were more fallible than 
the instrument. Further study in progress will show 
more exactly how many shades of color the average 
human eye is capable of differentiating within one 
percentage unit reflectance. 

Classification of roasted coffee color. There is no 
standard or uniform elassification of roasted coffee 
color. In order to get some information about the 
terminology used in the coffee industry a request for 
coffee samples, running the whole range of color, was 
sent to about 100 roasters throughout the country. 
Replies, which included samples and the terms applied 
to the different roasts, were received from about 40. 
Some roasters said that because they were already 
using an instrumental technic, they no longer used 
names to designate roast color, only numbers. These 
numbers would have no meaning outside each organi- 


zation because of variations in techni¢ used to obtain 
them. Other roasters had designated the color accord- 
ing to brand name. These also would be meaningful 
only to the organizations following this practice. 

The terms for roast color that were submitted were 
many and except for one group had really no close 
connection with degrees of color intensity. For exam- 
ple, such terms as Boston, French, Italian, Spanish, 
Greek, New York and Cuban give no indication of 
color and would certainly vary according to the ex- 
perience of individual roasters. The same interpreta- 
tion applied to a group of miscellaneous terms such as 
regular city, full city, normal, regular, full, heavy, 
whole, special, standard, high and cinnamon. Some 
were also identified by the temperature of the beans 
in the equipment at which the roasting process was 
stopped. The only terms that had any relation to color 
were grouped as very light, light, medium, dark, 
golde n dark and very dark 

To construct a useful scale it was necessary to deter- 
mine the limits within which all possible shades of 
color that might be encountered in commercial roast- 
ing would lie. Examination of the data obtained 
from the samples submitted showed the lighest roast 
had a reflectance of 10.29 and the darkest roast a 
reflectance of 2.54 per cent. It was then relatively 
simple to devise an 11-point scale as shown in Table 5. 


TABLE 5 


Classification of roasted coffee color by class and percent 
reflectance 


( . int Class limits 
Ass g 
per cent 
1 y dark 
ark 1-2 
) 2-3 
Da liur 3-4 
M lar} 4—5 
Me 
7-8 
2-9 
g 9-10 
igh 10-11 


The 11 percentage points are associated with homoge- 
neous designations that are associated naturally with 
eolor intensity.’ The lightest sample referred to above 
would be, on this scale, an extremely light roast; the 
darkest, a dark roast 

Space does not permit the inclusion of every datum 
derived from this study but it was obvious that each 
roaster was using some judgment, visual or subjective 


in this case, but each was different from every other. 
As noted earlier, the instrumental technie could easily 
differentiate at least 8 and possibly 10 shades of color 
within each percentage unit of reflectance; the human 
eye, sensitive as it is, could perhaps differentiate a 
smaller number of shades within the same interva!}. 
However, human judgment included no real sense of 
scaling. Class distinction was in some instanees based 
on wide refiectance limits and, in other instanees, on 
small ones, Laek of uniformity in color sealing was 


quite apparent within a single scale and within all 
that were used. In any case, there was certainly no 
way of relating the terminology of one roaster with 
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that of another. Clearly there was an opportunity for 
some standardization, if not for understanding indi- 
vidual roaster operation, at least for intra-industry 
communication. 

Color of commercial retail ground coffee. With the 
technic described above it was possible to begin an 
analysis of the color problem as it exists throughout 
the country. Up to the present time, 47 samples of 
commercial retail ground coffee have been examined. 
The results (Table 6) show that 43 of these samples 


TABLE 6 
Color of commercial retail ground coffee 


Class limits 


per cent Deseription 7 Central West 


3-4 Dark-medium 
5 Medium-dark 
Medium 
Medium. light 
Light-medium 
Light 


(93% ) gave reflectance values that fell within the 
medium and medium-light classes. The roast color of 
coffee throughout the country does fall within fairly 
narrow limits. Two of the samples, those that gave 
values falling in the dark-medium class, are called 
after-dinner or espresso-type coffees. It is noteworthy 
that there is apparently a very definite distinction 
between the roast color of espresso coffee and the nor- 
mal every-day coffee. 

These few data were examined to determine 
whether there might be some truth to the opinion that 
Eastern coffee is roasted more darkly than Western 
coffee. As 60% of the Eastern coffee was elassified as 
medium and 73° of the Western coffee as medium 
light, it may be tentatively stated that Eastern coffee 
is darker than Western coffee. It is also darker than 
Midwest coffee. Whether these differences will hold 
after a more extensive series of samples has been 
analyzed remains to be seen. Furthermore, whether 
the color difference, if it actually exists, has an im- 


portant bearing on consumer acceptance is a problem 
that can now be attacked using the instrumental tech- 
nic as a sensitive control on color evaluation. 


SUMMARY AND CONCLUSIONS 


A method for measuring the color of roasted coffee 
has been developed. The influence of factors critical 
to precision has been studied. The precision of the 
method has been estimated and found to be greater 
than human subjective evaluation of color. This 
method is presented to the coffee industry for con- 
sideration as a basis for uniform and standard evalu- 
ation of roast color. 

Numbers derived from measurement have been cor- 
related with an attribute-intensity scale which pro- 
vides uniform terminology as a replacement for the 
wide variety of terminologies now used by industry. 

A study of commercial retail roasts of coffee re- 
vealed that there is a sharp differentiation between 
normal and espresso-type roasts. Midwestern and 
Western coffees appear to be somewhat lighter than 
Eastern coffees. 
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Zooming sales of National Specialties in canned, frozen and dry 
mix or combination form indicate a vastly increased American 


interest in the culinary delights of other peoples. They like 


the stimulating and distinctive flavors of PIZZA, CHOW 
MEIN, BLINTZES, BORSCHT, CURRY, CHUT- 
NEY and ENCHILADAS ... but here indeed the 


flavor must be right! If it isn’t, despite the lure of 


exotic names and places, Mrs. Housewife will 


not buy a second time. The general popularity 


of National Specialties can often obtain your 


first sale ... the second and all thereafter 


can only be insured by a quality product 


that lives up to the family’s highest taste 
expectations. The D&O Flavor Laboratories 


have developed an entire group of Seasonings 


for National Specialties, for just this purpose. In 


exhaustive tests with the finished products they have 


given eacellent results. Trial quantities will be sent for 


your consideration on request . . . and individual develop- 


ment undertaken in the labs on specific problems. Consult D&O. 
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Investigation of Equivalent Weights of Dehydrated 
Vegetables in Comparison to Their Fresh 


Conventional Counterparts. 1. 


Dehydrated Sliced Onions 


Monuscript rece 


Tm EQUIVALENT WEIGHT® of a de- 
hydrated vegetable compared to its fresh, conven- 
tional counterpart must be known not only for cooking 
purposes but also as a basis for all logistical caleula- 
tions. Where use of the vegetable is extensive, the 
accuracy of the ratio assumes vital importance. Such 
comparisons as space-savings, weight-savings, costs, 
and procurement requirements, among many others, 
are dependent upon this figure. 

One extensively used vegetable where this ratio is 
of particular concern is dehydrated sliced onions. 
Published information on equivalent weights was 
found to be varied and often confused with rehydra- 
tion ratios. One manufacturer claimed that one pound 
of dehydrated sliced onions would equal 25 pounds 
of fresh onions. In published recipes and other 
sources (1, 3, 5), ratios ranging from 1:1.3 to 1:10 
were found in use 

Because of the importance of its accuracy, a study 
was conducted on the use of dehydrated sliced onions 
to determine a practical equivalent weight ratio. Pre 
liminary surveys have also indicated that the equiva- 
lent weight ratios of other dehydrated vegetables are 
equally varied. Investigations are presently being 
conducted on dehydrated diced potatoes and dehy- 
drated potato granules. The results of these investi- 
gations will be reported at a later date. 


PRELIMINARY SURVEY 


A preliminary survey established the fact that onions are 
one of the most extensively used food items in feeding opera 
tions (4 Most main dishes, soups, sauces, gravies, and salads 
make use of this vegetable in one form or another. They are 
used both raw and in the cooked state. In a number of uses, 
onions are the chief ingredient forming the greater part of the 
bulk and in which the onion flavor predominates. In other uses, 
onions are added in small quantities as a seasoning blended in 
with other ingredients. In still another use, they are applied 
as a garnish to another main ingredient or salad. 

Except where whole onions are used, the dehydrated sliced 
form substitutes more than adequately for the fresh. Where 


*Sinece dehydrated onions are used (4) in the raw state after 
rehydration only, and (b) in the cooked state after rehydration 
and then eooking as required in the recipe, the distinetion is 
made between ‘‘equivalent weight’’ and ‘‘ rehydration ratio.’’ 
‘* Equivalent weight,’’ as used here, refers to the amount or 
ratio of the dehydrate substituted for the fresh in the final 
recipe, either cooked or raw. The ‘‘rehydration ratio’’ refers 
to the ratio of the dehydrate resulting after rehydration only. 


The two values are not necessarily the same. 


H. R. Ignall 


Food Science and Engineering Division, 
J. S. Naval Supply Research and De- 
velopment Facility, Bayonne, New 


Jersey 


vy onions are used, rehydration alone is needed in the prepara 

on. Where further co ng called for, the dehydrates must 
be rehydrated separately and then cooked as ealled for in the 
recipe. In some uses, whe quid content is high, dehydrated 
sliced onions may lirectly and cooked along with 
other ingredients withou parate rehydration and cooking 
steps. All of these fac , together with the frequency and 
the amounts used, wer nsidered in the experimental plan of 


nvestigation, 
EXPERIMENTAL 


The dehydrated sliced onions were procured from military 
conforming to Federal Specification JJJ-0-533 (August 
" 56), with moisture it specified as 4% by weight. All 
somples tested were sed thin 2 years of date of pack, 
The rehydration properties were investigated by soaking the 
lehydrates in uniform quantities of water at various tempera 
, each for 30-min periods. Judgments were then made on 
eeeptability and the condition of the rehydrated products. 
\ series of experiment tests were then conducted to ¢om- 
pare the properties of fresh conventional and dehydrated sliced 
onions prepared in similar recipes. Where onions were used in 
*the raw state, the dehydrated onions were merely rehydrated and 
as indicated in th ipe. Where cooking was re- 
the dehydrated onions were rehydrated separately and 
prepared as required in the recipe. The initial quantities 
both fresh and dehydrated onions (and other ingredients ) 
idjusted so that yields of both were 100 portions of 
finished produet. Acceptability tests were conducted on the 
finished produets o deter? he : uacy of recipes from the 
taste standpoint. Compariso f the amount of onions used 
were then made to determine the equivalent ratio used in each 
recipe, 
Frequeney of use and the total amount of onions used in 
forms were determi l \ conducting a survey of suggested 


menus for four 30-day periods 


RESULTS AND DISCUSSION 


Rehydration ratio. The rehydration ratios at all 
temperatures were found lower than those indicated 
by manufacturers and most published information. 
Where it was generally agreed that 1 lb of dehydrated 
sliced onions will yield 5 lb of rehydrated product, 
none of the test results approached this ratio, except 
at elevated temperatures (Figure 1 
drated at temperatures above 110° F, 
not considered as satisfactory as onions rehydrated 


Onions rehy- 
however, were 
at lower temperatur At the higher temperatures, 
the products were limp and lacking in color and taste. 
The water used for rehydration smelled strongly of 
onions, suggesting that a good part of the flavor had 
dissipated in rehydration at this temperature. Onions 
rehydrated at lower temperatures, however, were more 
crisp in texture and resembled the fresh more closely 
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JNACCEP TABLE 
- 
RooucT 
| 
40° SO’ 60° 70° 90° 20° 130° 140° 


TEMPERATURE OF REHYDRATION WATER 
DEGREES F 


Figure 1. Rehydration ratios of dehydrated sliced onions 
at various water temperatures. 


in appearance and flavor. The most satisfactory 
products were found after rehydration in a range of 
temperatures from 70° F to 110°, with an average 
ratio of 1: 4.3. 

Equivalent weights. The rehydration ratios, how- 
ever, were found applicable only where the rehy- 
drated onions were to be used in this state without 
cooking. The series of experimental recipe tests 
showed that the equivalent weight ratio differs from 
the rehydration ratio where cooking is involved. In 
addition, the equivalent weight ratio itself changes 
with the amount of liquids in the recipe. This effect 
appears to be similar to that found by Hunt and 
Matheson (4) in comparing the cooking properties of 
dehydrated fish and meats, 

Table 1 shows the two distinct ratios found in recipe 
testing. (Each recipe produced acceptable products 
with the desired 100-portion yield.) One ratio was 
found suitable for products such as fried onions; the 
other for creamed onions. 

The explanation for the different ratios where dif- 
ferent cooking is involved appears to be due to the 
amounts of aqueous liquids used. In creamed onions, 
ample liquid was present in the recipe to inhibit loss 
of moisture from the reconstituted onions during 
cooking. In fried onions, no liquid was present other 
than small amounts of shortening. With no liquids 
to inhibit it, moisture was driven off freely. Conse- 
quently, shrinkage was greater and the bulk yield less. 

The rehydration ratio of 1:4.3 appeared to differ 


TABLE 1 


Equivalent weight ratios of dehydrated sliced to fresh onions 
under different cooking conditions 


Equivalent 


Weight of raw dehy wt ratio of 


Recipe drated or fresh peeled ( ooked dehydrate 
onions used in yield 
to fresh 
recipe 
peeled onions 
Fried Dehydrated 5.25 lb 100 portions 
Onions Fresh 32.0 Ib 100 portions 1:6.1 
Creamed Dehydrated 3.00 Ib 100 portions 
Onions Fresh 10.2 Ib 102 portions 1:5.4 
Raw Dehydrated 1.00 x 
Onions Fresh 4.3 Ib x 1:4.3 


One portion equals % cup (4 fi oz). 


NOVEMBER, 1960 


from the equivalent weight ratios of 1: 6.1 for fried 
onions and 1:5.4 for creamed onions because of the 
differences in the moisture content of fresh onions and 
rehydrated onions. This was evident during the 
frying tests. Table 2 shows that appreciable amounts 
of liquids were left after frying onions in a steam- 
jacketed kettle, whereas practically no liquids were 
left after the rehydrated onions were fried. An aver- 
age moisture loss of 27.7% was found after frying the 
fresh onions as compared to 14.1% after frying the 
rehydrated onions. This suggested that the dehy 
drated onions did not rehydrate fully to their pre 
vious natural state and thus contained less moisture 
in comparison to the fresh. 


TABLE 2 


Comparison of yields and moisture losses in frying dehydrated 
sliced onions and fresh onions 


Raw | Weight | Cookea | Percent | Liquids 
material rane yield yield? drained 
Exp | 
Dehydrated 2 lb 9 lb. 3 oz 8 Ib 0 oz 87.0 none) 
Dehydrated 2 Ib 9 1b 0 oz 8 lb 0 oz 84.9 i fl ov 
Average 85.9 
Exp 2 
Fresh 9 lb x 6 lb 11 oz 74.4 40 floz 
Fresh 9 1b xX Tlb 402 80.3 28 fl oz 
Average 77.3 


? Per cent yield of reconstituted weight where dehydrates were used 
per cent yield of raw material where fresh onions were used 


Logistical equivalent weight ratio. While the pre 
ceding ratios clarified the substitution of onions in 
individual recipes, they did not express an over-all 
average ratio for logistical caleulations. Any such 
determination must, of necessity, take into considera 
tion the manner in which onions are normally used, 
and the amounts used. This can only be determined 
by a survey of the normal uses of onions. 

In a survey of suggested menus for a representative 
4-month period in the Navy Food Service Bulletin 
(2), approximately 145 recipes called for onions in 
one form or another. Of these, however, only 32 were 
found which used onions in sufficient quantity and 
frequeney to be considered; the remaining recipes 
were seldom used or called for onions in extremely 
small quantities. 

Table 3 lists the 32 recipes, the quantity used in each 
recipe, frequency of use, and the total weight of onions 
used in each recipe during the 4-month period. By 
using the appropriate equivalent weight ratio or the 
rehydration ratio, the equivalent weight of dehydrated 
onions in each recipe was then determined. Dividing 
the total weight of fresh onions normally used in these 
recipes by the total amount of dehydrated onions sub 
stituted resulted in a ratio of 1: 5.38. Sinee this repre 
sented raw, peeled onions, taking into consideration 
average peel losses of 10%, the final ratio of 1: 5.98 
was considered to represent the average substitution 
of dehydrated sliced onions for fresh for all logistical 
calculations. 
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TABLE 3 


Determination of average equivalent weight ratio based on 
frequency of use during July, October (1959), January and 
April (1960) (2) 


Equiv 
wt. of 
dehydrate 


Wt per Freq | Total 
recipe of 
(lb) use 


Fried onions 

French onior 

Raw onions 

Giazed onions 

French fried 

Baked hash 

Yankee pot roast 

Braised steak w/sm onions 
Cucumber and onion salad 
Cream of chicken soup 
Vegetable soup 

Braised beef chunks 
Spaghetti sauce 

Meat bails 

Hot potato salad 

Cooked vegetable salad 
Veal choy 1ey 

Salsbury steak 

omato sauce 

Creole soup 

Minestrone soup 

Navy bean souy 
Smothered pork steak 
Chilled potato salad 
Chilean dressing 
Vegetable chowder 
Corned beef mulligan 
Beef julienne soup 

Sage dressing 
Mulligatawny soup 
Cream of tomato sou] 
Corn-O' Brien 


Equivalent wt ratio 5.38 (raw peeled onions) 


5.98 (raw unpeeled onions 


sidering 10% peel loss 


SUMMARY 


Published information and recipes on the rehydra- 
tion ratio and equivalent weight ratio of dehydrated 
sliced onions were found to be extremely varied. 
Experimental recipe testing established the fact that 


the dehydrates substitute for the fresh in three dis- 
tinct ratios in practical cooking. Where the onions 
were to be used raw, without further cooking, the 
dehydrates need only to be rehydrated, and the ratio 
here was found to be 1: 4.3. In cooked recipes where 
liquid was present (as in creamed onions), the equiva- 
lent weight ratio was found to be 1:5.4. In reeipes 
such as fried onions where no water was present, the 
ratio was found to be 1: 6.1. 

From all indications, the difference in ratios was 
due to: (1) the loss of moisture where no aqueous 
liquids were present during cooking, (2) the inhibi- 
tion of moisture losses where liquids were present 
during cooking, and (3) the differences in moisture 
content of fresh onions and reconstituted onions. 

For logistical purposes, an average equivalent 
weight ratio of 1:5.38 for raw, peeled onions and 
1:5.98 for raw, unpeeled onions was determined by 
means of a frequency of use table. 
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ABSTRACTS 


General Foods Research Center 
Selected by Norman H. Ishier 


ANALYTICAL METHODS 


Infrared analysis of carbon tetrachloride 
and ethanol in blood. 


Srewart, R. S., ev Au. J. Lab. Clin 
Ved. 56, 148-56 (1960), 


A simple, rapid method for the simul 
taneous identification and assay of o1 
ganic chemicals in the blood has been 
demonstrated in the analysis of carbon 
tetrachloride and ethanol. The method 
was shown to be made quantitative for 
carbon tetrachloride by the use of 
labeled material. signifieant imerens: 
in the level of carbon tetrachloride eire 
lating in the blood was found when rab 
bits were exposed simultaneously to high 
doses of carbon tetrachloride and ethanol 
An increase in the serum glutamie oxa 
acetic transaminase levels was also 


observe al. 


Starch electrophoresis. III. Starch gel 
electrophoresis. 


BLOEMENDAL, H. (Netherlands Cancer 


Tnst., Amsterdam). J. Chromatography 


, 009-19 (1960 


Numerous investigations have den 
strated without doubt that from ! 
analytical standpoint—the starch ge! 


technique has certain advantages over th 
starch column method, and even over the 
starch block method. For preparative 
purposes, however, the gel teehnique has 
up to now not been found convenient 
There must be certainty that the sepd 
fractions are homogeneously distributed 
through a cross section of the mediun 
In starch gel strips the sepn. is never com 
pletely homogeneous throughout the gel 
when the strip is sliced after the eleetro 
phoretic run. For analytieal purposes 
this is of no importance, as only th 
stained surface of the strip eut horizon 
tally is considered. In preparative work, 
however, the variations in different 
layers of the gel cause overlapping of 
the sepd. zones and the stained surfac 
does not correspond with the pattern in 
side the strip. 


Rapid micromethods of elemental analysis. 
I. Determination of chlorine in or 
ganic compounds. 


Ouson, E. C. Krivis, A. F. (Up 
john Co., Kalamazoo, Mieh.). Micro 


chem, J. 4, 181-6 (1960 


A rapid and securate method for thi 
detn. of chlorine in org. compds. has been 
developed, The sample Is decompose db 
a simplified Schoniger oxygen flask eon 
bustion and the liberated chloride ion 
detd. by coulometrie titration with ele« 
trolytieally generated silver ion. Th 
mean deviation on samples eoutg, 22.4 
and 12.81% chlorine was +0.085 and 


+0.060%, resp. The method requires 


7 
: 
a 
ig 
| 
| 
| 
1 | 
LOMB 
BAUSCH & 
Aspe : 
| 
; 
Ll 
|_| 
2 
> 


i-5 mg. of sample and may be applied to 
smaller samples, when necessary, by de 
creasing the generation current. The pro 
eedure is rapid; an analyst can complete 


20-25 samples a day with ease. 


Ultra-violet determination of citral in 
lemongrass oils which contain 
myrcene. 


FeARNS, E. C., D. A. AND 


Mirzner, B. M. (Intern. Flavors & 
Fragrances Ine., Union Beach, N. J. 
Perfumery Essent. Ou Ree. 51, 355-6 
1960 


A recent method for the detn. of citral 
in lemongrass oil by ultra-violet absorp 
tion was found to be inapplicable to West 
Indian oils because of interferenee from 
myreene. Both citral and myreene absorb 
sufficiently at 224.5 mu and 238 mu not 
to interfere with each other It has been 
found possible to det. citral by measuring 
ultra-violet absorbances at these 2 wave 
engths and applying a set of simul 


taneous equations, 


BIOLOGICAL SCIENCES 
Biochemistry 


Effects of diet on incorporation of ace- 
tate-1-C"* into cholesterol by rat liver 
slices. 
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CarrRouu, K. K. (Univ. of Western On 
tario, London, Can.). Can. J. Biochem 
Physiol, 88, 649-56 (1960). 


The rate of incorporation of acetate-1 
C* into cholesterol by rat liver slices de 
creased when animals were transferred 
from a comm. chow diet to semi-synthetie 
liets. A greater decrease was observed 
when the test diet contained oleie acid or 
live oil than when it contained higher 
homologues of oleie acid, or prepns. of 
-erebrosides. The deerease was not af 
fected by the presenee or absence of fat 
sol. vitamins in the test diet contg. oleic 
iid, Amphenone B affeeted acetate in 
corporation into liver eholesterol dif 
ferently depending on whether it was 
fed in a chow diet or semisyuthetic 
liet. 


Studies on the mechanism of fatty acid 
synthesis. VIII. The participation 
of protein-bound biotin in the bio- 
synthesis of fatty acids. 


WaAkIL, S. J. AND Gipson, D. M. (Univ 
of Wisconsin, Madison Biochim. et Bio 


phys. Acta 41, 122-9 (1961 


One of 2 purified enzyn components, 
which catalyze the synthesis of palmitate 
from acetyl CoA, is rich in protein-bound 
biotin, Avidin, the egg white protein that 


specifically binds biotin, severely inhibits 


fatty acid synthesis. Added free biotin 
prevents the occurrence of this avidin in- 
hibition These observations indicate 
that a biotin-contg. enzyme participates 


directly in fatty acid biosynthesis. 


Protein biosynthesis by a cell-free bacter- 
al system. III. Determination of 
new peptide bonds; requirement for 
he ‘‘amino acid incorporation en- 
zyme’’ in protein biosynthesis. 


Bi Inst. Pasteur, Paris, 
lranee Biochim. et Biophys, Acta 41, 
104-10 1960 


The ineorporation of (C“) amino acids 


nto protein by Alca es faecalis frag 
ments has been demonstrated, Using 
C™) valine, it was found that most of 
the ineorporated amino acid was within 
he peptid el ns Alealigenes frag 
ments have been partially solubilized by 

th perfi octanoate with 


eting the neorporation activity. 
The soluble fraction obtained after this 
treatment can be replaced by purified 


ino acid incorporation enzymes,’ 


The sorption of water vapor by native 
and denatured egg albumin. 


AL R. L. Benson, S. W. 
{ vy. of Southern California, Los An 
geles J. Phys. Chem. 64, 951-5 (1960). 


THE SIGN OF 
QUALITY FLAVORS 


QUAKER 
BRAND 


OTTENS 


HENRY H. OTTENS MFG. CO. 


129-31 South Front Street, Philadeiphia 6, Penna. 


| SINCE 1884 


CULTURED BUTTER FLAVORS 

F SPRAY-DRIED POWDERED FLAVORS 

ESSENCES + EXTRACTS «+ EMULSIONS 
SPECIAL FLAVOR BLENDS 


The facilities of our laboratories and 
technical staff are at your service 
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The sorption desorption eveles for 


water on native and on steam-, heat- and 


aleohol-denatured egg albumins have been 


studied from 25 to 70° for the first and 
up to 100° for the latter three. The amt. 
of water sorbed is a very weak function 
of the temp. at high relative humidity 
and only slightly more sensitive at low 
humidities. Between 70 and 100° de 
shows no hysteresis 


humidity of 0.7. The 


natured albumin 
above a relative 
sorption isotherms of the 3 denatured egg 
albvmins were significantly different both 
at 25 and 40° indieating that denatured 
defined 


albumin is hot uniquely 


material, 


Microbiology 


Further serological studies of staphy- 
lococcal enterotoxin 


Casman, E. P. (U.S. Dept. of Health, 
Educ ind Welfare, Washington, D. C. 
J. Bacteriol , 5 1960 

Using antienteroto sera prepd. by 


g rabbits 


enterotoxin pro 
strains L96E, S6, 


mnjeectin 
dueed by staphyloco 


and 245, a speeific erok il test for 

antigens assoeed, with it-resistant en 
terotoxicity was developed The two 
vy designated as 


Whereas, most 


d from enses of 


antigens were te! 
types ‘‘E’’ and ‘‘F 


produced both types ‘*E and 


antigens, only type ‘*F’’ was 
by strains isol d from foods 


incidents, 


ool poroni 


Nutrition 


Effect of dietary oils on the depletion of 
vitamin A. 


BEARF, J L. AND 
vl and Drug Labs., 

th and Welfare, 
J. Biochem, Physiol 


corn oil, olive oil, 
vitamin A econ 
during depletion 
d. Dietary oil 
rate at which 
declined in a 


month period. 


Effect on serum cholesterol levels of re- 
placing milk fat by soya bean oil. 


ANONYMOUS. Nutrif 18, 205-6 


The serum cholesterol level in a series 
of mental patients i Finland was re 
dueed ila g bu rfat with an 
land using a more 
unsatd, marg: in the diet. The study 


emulsifier 
has not ) proceeded long enough to det. 
if there is any influence on the frequeney 
of eoronary artery disease and other 
itheroselerotie mat tations along with 


the deerease in cholesterol level. 
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Effect of lipotropic agents upon the net 
synthesis of cholesterol in the rat. 


Lucas, C. C. 
(Univ. of Toronto, Can. Can. J. Bio 


chem. Physiol. 88, 757-61 (1960 


MoOoKERJEA, S. AND 


The content of cholesterol in the 
bodies of young male rats fed a basal hy 
polipotropie diet has been compared with 
that of other rats pair-fed on = similar 
diets supplemented with choline chloride, 
methionine, or vitamin By, resp. In 
creased efficiency of utilization of the 
food and variable lipotropie effects were 
observed, but no significant difference 
was found in the total amts. of choles 
terol at the end of the 3-week test periods. 
The lipotropie agents do not influence to 
any significant degree the net biosyn 
thesis of cholesterol in rats fed this type 
of diet but they do affect the distribu 
tion, tending to keep the liver lipids, in 
eluding cholesterol, in the normal range. 


The protein requirement of the growing 
chick determined with amino acid 
mixtures. 


KLAIN, G. J., Univ. of Illinois, 
J itrition 71, 209-12 


(1960 


The nitrogen requirement of chicks was 
detd. using eryst. amino acid diets. For 
optimum efficieney of feed utilization the 
requirement was found to be approxi 
mately 4.00% nitrogen. It was observed, 
however, that a lower nitrogen level 
d resulted in equally good growth 
and nitrogen retention, but lower feed 
utilization. Chieks were able to gain 
satisfactorily on this low nitrogen diet 


by voluntarily eating more of the ration. 


D-Amino acids as source of non- specific 
nitrogen for growth of rats. 


M., Loosuy, J. K. Wu 
H. H. 


(Cornell Univ., Ithaea, 


Exptl. Biol. Med. 104, 


LIAMS 
N. 


148-52 (1960 


Rats fed a diet contg. physiol. amts. 
of essential L-amino acids but lacking 
non-essential amino acids grew at a slow 
rate. Growth rate was increased by in 
creasing conen, of all essential amino 
acids. Feeding a mixt. of DL-amino acids 
in comparable amts. resulted in growth 
retardation of animals. Growth inhibi 
tion produced by the racemic mixt. was 
traced to an isoleucine deficiency result 
ing from inelusion of pL-isoleueine, which 
was actually a mixt. of all 4 isomers, thus 
effectively diluting the active isomer. 
Substitution of L-isoleucine or a mixt. of 
L- and p-allo-isoleucine for the racemie 
ecompd,. in the pL mixt. entirely overcame 
inhibition and produced growth compara 
ble to that obtained with L-amino acids. 
The expts. provide evidence that D-amino 
acids ean be effectively used as a source 
of nitrogen for biosynthesis of non 


essential amino acids. 


EQUIPMENT 


A newly-introduced automatic 
recording thermobalance has been 
designed to perform thermograv! 
metrie studies in vacuum or con 
trolled atmospheres at tempera 
tures to 1000°C. Called the 


Thermo-Grav, it measures and au 


tomatically records changes 
weight as a function of tempera 
ture programmed for a selected 
linear heating rate, or as a fune 
tion of time at a constant tempera 
ture. Amone the reactions said to 
be obtainable for study are absorp 
tion, adsorption and desorption, as 
well as vaporization, sublimation, 
thermal 


tion of inorganic and organic salts, 


dehydration, deeom posi 
degradation of organic and organo 
metallic compounds, polymers, and 
related types of thermal decompo 
sition. Bulletin 2328 and Reprint 
No. 119 describe the Thermo-Gra\ 
in detail and are free upon request 
from the American Instrument Co., 
Inc., 8030 Georgia Avenue, Silver 
Spring, Maryland. 


A new micro-pressurometer has 
been developed for the study of 
pressure required to break indi 
vidual cell walls of food products 
in raw, dehydrated and frozen 
states. The instrument breaks in 
dividual cells with a glass rod and 
pressure is measured on a gram 


seale wheel. Cell is visible during 
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The extras in your Felton flavor 


...are Felton people! They give you their years of accumulated experience and 
knowledge... talent... flair...strong personal effort...a complete extra depart- 
ment for you. The costs are Felton’s; the benefits are yours. Take advantage of them. 


599 Johnson Avenue * Brooklyn 37, New York 


Sales offices and plants in major cities, Canada and overseas 
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FOR A PERFECT RECORD 
OF RETORT PROCESSING 


Hang a Cook-Chex tag on every basket 
before it goes into the retort and elimi- 
nate all guess-work when it comes out 
of the retort. On each Cook-Chex tag, a 
chemically impregnated circle turns trom 
purple to green, to provide infallible 
proof of proper and complete “in-can’’ 
processing. Cannery inspectors approve 
and recommend Cook-Chex. Major pack- 
ers all over the world use them to 

1. Eliminate wrong cook schedules 

2. Guard against “by passing” retorts. 

3. Warn of any failure in retort 

processing 
4. Keep retort baskets in sequence. 
5. Provide low-cost permanent records 
for cooking plants. 

The cost of Cook-Chex protection is neg- 
ligible ... less than one cent for 75 cases 
of No. 300 cans 


SEND FOR FREE TEST SUPPLY TODAY 
You'll receive a generous supply of Cook- 
Chex at no cost; send your name, title, 
and plant address to Dept. FT 11 
Aseptic-Thermo 
Indicator Company 


11471 Vanowen Street + N. Hollywood, Calif. 
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breaking and may also be micro- 
photographed. In addition, the 
operator is able to roll the indi- 
vidual cell prior to breaking. 
Studies with the micro-pressurom- 
eter are being used to design food 
processing equipment tech- 
niques for Lamb-Weston,  Ine., 
Weston, Oregon, from whom fur 
ther information may be obtained. 


Side view of Lamb-Weston Micro-pres- 
surometer with photographic setup to 
picture cell breakage appearance when 
pressure is applied by turning gram 
measuring wheel on right of view plate. 


A new industrial moisture an 
alvzer designed for 
quality 
cently been 


process or 
control systems has re 
announced by the 


Boonton Polytechnic Company, 
Ine. The method of moisture deter- 
mination is by means of radio fre- 
quency power absorption. Aecord- 
ing to Boonton, their moisture an- 
alyzer, which may be used “‘in 
stream’’ or in ‘‘batch’’ sampling, 
provides higher quality control, 
faster production, lower operating 
and manufacturing costs, and a 
uniformly high quality finished 


product. Features claimed by 
Boonton for their Model HF R-4E 
are moisture content range of 0 
80% ; accuracy of 0.001-0.5% ; in 
stantaneous tests: does not chemi 
cally or physically change mate 
rial; is not affected by density of 
material, granule size, moisture 
gradient, or process temperature ; 
precludes erroneous measurements 
due to capacitance; and measures 
moisture in solids, liquids, sheets, 
granules, pastes, chips, powders, 
shreds, and boards. For further 
information, contact Boonton Poly 
technie Co., Ine., Department 146, 
P. O. Box 125, Boonton, N. J. 


COMMENT 


An improved method for detect 
ing the elusive microorganisms re 
sponsible for food spoilage and, 
possibly, food 
poisoning out 
breaks will be 
sought by John 
E. Despaul, of 
the Armed 
Forces Military 
Subsistence 
Testing Labora 
tory, 1819 West 


Pershing Road, 


J. E. Despaul 


who was recent 
ly awarded a Secretary of the 


Army’s Research and Study Fe 
lowship. Mr. Despaul will under 
take graduate study and research 
at the University of Kentucky, 
Lexington, at Cambridge Univer 
sity, England, and at the Central 
Public Health Laboratory in Lon 
don. His graduate studies began 
September 26 at the University of 
Kentucky. At the University of 
Kentucky, working under’ Dr. 
Ralph H. Weaver, Despaul will 
seek to improve procedures for 
isolating Clostridium perfringens 
from foods. At the Central Public 
Health 
June 1961, he will study under Dr. 
Betty C. Hobbs and after that 
at the Low Temperature Research 
Station in Cambridge with Dr. M. 
Ingram. 


Laboratory, London, in 
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MORE THAN A SUBSTITUTE 


HERE S ONE 
THAT'S BOTH 
FISH and FOWL 


Here’s an ingredient that gives you everything 


in the way of clearer, cleaner, better flavor 


for fowl and sea food products — new 
Maggi’s Hydrolyzed Plant Protein 3H-3. 
A basic flavor, always uniform, unaffected by 


processing and unusually economical, Maggi’s 


3H-3 never varies in taste or quality, has 


been proved by leading processors. 


Like the entire Maggi’s Hydrolyzed Plant Protein 


series — for beef, veal and pork, too — 3H-3 makes 


a marked contribution to the desired flavor 


without adding other flavor characteristics. 


The technologists who developed these 
unique Maggi’s Hydrolyzed Plant 
Proteins are available to assist you 
in your formulations. Write for 


free samples and data. 


FOR VEAL and pork | 
drolyzed Plant 


yoi's HY 
is designed 
particularly for use ra 
veal and pork produc 
Clear and clean aa 
it provides a 
strength meaty ae 
ground and is 
color. 


-BE-2 
FLAVOR — MAGGI'S 4-BE 
in Liquid, Paste or Pow 


FOR BEEF 
Available 


HYDROLYZED PLANT PROTEINS 


THE NESTLE COMPANY, INC. 


WHITE PLAINS, WN. Vv. 
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FLEXIBLE FOR LABS — RUGGED FOR PRODUCTION 


Sargent single pass pilot plant dryer for 
lab or production. Each section zoned and 
controlled independently for widest varia- 
tion of temperature, humidity 


DRYERS 


by 


SARGENT 


Single pass dryer with extruder — 
two drying sections, one cooling sec- 
tion. For pilot plant or production. 


For Many Food Products 


SARGENT'S small to medium 
size dryers are outstanding ex- 
amples of the sound economy of 
“designing and building the ma- 
chine for the job” in the food 
industry. These flexible, rugged 
machines may consist of but two 
or three drying sections and a 
feeder (vibrating or standard) — 
or where required, multiple dry- 
ing sections plus baking, curing 
and cooling sections — all in one 
compact, space-saving, econom- 
ical machine. 


Engineered specifically for pilot 
plant or moderate volume produc- 
tion, they are easily enlarged by 
simply adding more drying sec- 
tions and, where desired, extrud- 
ers, granulators — even a blow-up 


section to “fluff” products such as 
dry breakfast foods during drying. 


Because they are designed and 
built by SARGENT, these rug- 
ged moderate-size workers can be 
depended upon to do a he-man 
size job on food products and by- 
products — from milk curd to 
sliced apples, from cereals to 
fruits and nuts and coffee. 


As with all SARGENT equip- 
ment, these new-size dryers are 
the speediest to erect, the easiest 
and most economical to clean-out 
and to maintain of any on the 
market. Performance is uncondi- 
tionally guaranteed by us. 


Write us your product-drying re- 
quirements and let us give you 
details. 


G. ‘SONS CORPORATION 


PHILADELPHIA CINCINNATI CHARLOTTE ATLANTA * HOUSTON DETROIT 
NEW YORK CHICAGO LOS ANGELES TORONTO 


PE INEL 


The Snow Flake Canning Co., 
Brunswick, Maine, has announced 
that Colonel Robert F. Carter, 
Sales Manager of the Frozen Foods 
Division, and Francis R. Saunders, 
General Production Manager, were 
elected to the Board of Directors 
on September 7th. 

Colonel Carter, born in Mahanoy 
City, Pennsylvania, in 1899, grad 
uated from West Point in Novem 
ber 1918, and served in the regular 
army for 28 years. In Washington 
during the early part of World 
War IT he was instrumental in or 
ganizing the processed foods pro 
curement system for the Armed 
Forces and for lend lease which 
operated so efficiently throughout 
the war. Francis R. Saunders, 
born in Gloucester, Massachusetts, 
in 1918, became interested in food 
processing at a very early age. In 
1940 he graduated from the Uni 
versity of Massachusetts, where he 
majored in Chemistry and Food 
Technology. 


Dr. Eugene N. Bilenker has re 
cently joined the Research Quality 
Control Group at Thomas J. Lip 
ton, Ine., Hoboken, New Jersey. 
He was formerly associated with 
the Maxwell House Coffee Division 
of General Food’s Research De 
partment, where he worked on new 
process development. Dr. Bilenker 
earned a B.A. degree from Brook 
lyn College, and also holds an M.S 
degree in Dairy Manufacture from 
the University of Connecticut, and 
a Ph.D. in Food Technology from 
Massachusetts Institute of Tech 
nology. 


Dr. H. E. Robinson, (Chicago 
Section Chairman and vice presi 
dent in charge of the research 
laboratories, engineering research 
and equipment development, Swift 
& Company, has assumed direction 
of a number of products-for-in- 
dustry operations. Departments 
now under Dr. Robinson, in addi 
tion to general and engineering re 
search, include adhesives, gelatin, 
stabilizers, soap and chemicals and 
the Technical Products Plant at 
Hammond, Indiana. Dr. Robinson 
joined the Swift research staff 
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1932 
of research in 1941, assistant di- 


became an assistant director 


rector of laboratories in 1950, di- 
rector of laboratories in 1953 and 
was elected vice president in 1959. 


Eugene Misiaszek has been 
named project leader in the Jell-O 
division laboratory of the General 
Foods Research Center at Tarry- 
town, N. Y. He joined General 
Foods in 1955 as an assistant tech- 
nologist in the packaging research 
laboratory, becoming an associate 
technologist in the Jell-O labora 
tory in 1957. Mr. Misiaszek is a 
graduate of the University of 
Massachusetts where he received 
his Master of Seience Degree in 
Food Technology. 


Dr. Hugo Eryk Wistreich has 
been appointed Director of Re 
search and Development for Preser 
valine Mfg. Co., Flemington, New 
Jersey. Dr. Wistreich assumed his 
new post September Ist and is now 


located at the Company’s offices 
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Director for 


NOVEMBER, 


1960 


and plant in Flemington, New Jer 
sey. He was 
the Reliable Packing 


formerly Research 


Company, Chicago, Illinois. Dr. 
Wistreich, born in Jasto, Poland, 
received his early education in the 


secondary schools and universities 


of that country and in France. He 


completed his education at Rutgers 


University, where he was awarded 
Master of Seienece and Doctorate 
degrees in the fields of Food Tech 


nology and Food Science. 


Dr. Robert W. Haman has been 
appointed General Manager of the 
Minnesota Malting Company of 


Cannon Falls, 


new duties, 


Minnesota. In his 
not only will have 


over-all responsibility of plant 


operations, but also quality eontro 


and research. 


Dr. Haman, who 


has spent over twenty years ii 


quality control and research, at 


tended the University of Wiseonsin 


where he did 
and graduate 


his undergraduate 


work, serving on the 


faculty for two vears after receiv 


ing his doctorate 


J. P. Pfaff recently assumed full 
District Manager 
for all of Hereules Powder Com- 
pany, Virginia Cellulose Depart- 


responsibilities 


ment products in the Chicago area. 
Mr. Pfaff joined Huron Milling 
Division in 1946 as a salesman, and 
beeame District Manager of the 
Chicago Huron products office in 
1957. In another Chicago change, 

J. L. Lawes has been named 
District Sales Supervisor. He 


Hercules upon graduation 
from Cornell University with a 
B.Ch.E. in 1950, and worked in 
Various Capacities in Hopewell, Va 
San Francisco, and Los Angeles 
since that time 


Gavin Lee Hansen has joined the 
expanding Technical Staff of Paul- 
Lewis Laboratories. Ine., of Mil- 

kee, Wisconsin. He will serve 

in the Bacteriology Department 

under the direction of Dr. Paul K. 

Steinke. Mr. Hansen is a 1960 

eraduate of the College of Agri- 

lture. University of Wisconsin in 
Madison, Wi ISCONSIN, 


FOR TECHNICAL HELP... 


In addition to supplying you 


late flavorings and coatings, 
thal will gladly: 
rs 


Discuss prices and prevailing market conditions 

Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 


special types of chocolate 


Refer your problems to one of our consultants spe 
cializing in technical problems 


Conduct research on new ideas suggested by you 


BLUMENTHAL BROS. CHOCOLATE Co. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA 


with high quality choco 
your Man From Blumen- 
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Thomas A. Bruce, Charter Pro- 
fessional Member of the IFT, has 
been appointed Assistant Western 
Regional Manager of the Industrial 

Division, Corn 
Products Sales 
Company. A 
graduate of 
Bradley Univer- 
sity, Mr. Bruce 


has been associ- 
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Merck & Co., Inc., announces the 
appointment of Robert P. Dudley 
to the newly created position of 
Meat Products Manager in the 
General Products Department. In 
this position, he will be responsible 
for the marketing functions of 
planning and coordinating the 
growth of Merck’s present produets 
for the meat industry. Dudley 
joined the company in 1947 as 
a microbiologist in Process De- 
velopment and four years ago, he 


T. A. Bruce 


vears 


York. 


has been 


vears, and for 
the past several 


located in New of 


ated with Corn 
Produets for 
over forty Meat 


Chemical 
opment group. 
one 


Food 


was promoted to the position of 
Products Specialist in the 
Devel- 
He was recipient 
1960 
Industrial 


Division Produet 


of four individual 


Tech nology 


Give yourself this quick 
quiz on ST. JOHN’S BREAD 


St. John’s Bread is the dried, bean-like 
pod of the evergreen Carob tree, native 
to the Mediterranean area. It has been 
known to and used by mankind for 
thousands of years. Cyprus alone pro- 
duces as much as 100,000 tons in a 
single harvest. 


Q. Is St. John’s Bread used as a food, 


a medicine or a flavor? 


A. All three. As a medicine, Carob 
flour alleviates diarrhea, retards vom- 
iting in infants, and brings some relief 
in coughing and nasal congestion 
caused by the common cold. It is also 
helpful as a mild laxative and diuretic. 
As a food, St. John’s Bread is high in 
sugar and proteins. Europeans have 
fed it to cattle fot years, and today it 
is being used more and more as a sub- 
stitute for coffee, chocolate and cocoa, 
as well as in beverages resembling 
malted milk. As flavoring, it is used 
in manufactured desserts, cakes, cook- 
ies, candy, ice cream, dressing, pie fill- 
ings and the like. In syrup form, it is 
used by the tobacco industry as a fla- 
voring agent for chewing and pipe to- 
bacco 

Q. In what forms is St. John’s Bread 
used? 


A. Besides the flour and syrup men- 
tioned above, St. John’s Bread is con- 
sumed and administered medicinally 
in the form of elixirs, tea mixtures, 
pills, whole pods and in powder. 


Q. What are the specifications of St. 
John's Bread? 


A. Natural (unroasted) St. John's 
Bread contains lignin, hemicellulose, 
pectine, proteins, and a variety of 
sugars (40-50°¢.) Water content is 
10%. It also has a fractional percent- 
age of isobutyric acid, which has a 


rather unpleasant odor. Roasting gets 
rid of this odor, and darkens the color. 
When macerated in water, roasted St. 
John’s Bread powder turns a yellowish 
brown. 


Q. What is the consumption of St 
John’s Bread in the U. S.? 


A. From 1,500 to 2,500 tons annually 


Q. How is St. John's Bread commer- 
cially available? 


A. Meer Corporation offers St. John’s 
Bread in eight different forms, six 
natural (unroasted) and two roasted 
Whole pods are available in Extra Se- 
lect grade in original 56-lb. cases, and 
in standard grade in 110-lb. burlap 
bags. St. John’s Bread, ground for per 
colation to mesh 4, is supplied in 200- 
Ib. burlap bags; and powdered to mesh 
60, in 200-lb. fibre drums. Kibbled 
(without seeds), it is available in 150- 
Ib. burlap bags. S. E. St. John’s Bread, 
“Meer FR”, a standardized flavor ex- 
tract, comes in 50- and 100-Ib. resin 
lined steel pails. The roasted forms in 
clude mesh 4, ground for percolation, 
in 200-lb. fibre drums. 


For detailed information, including 
botanical origin, action and uses, phar- 
macognosy and chemistry, and dosage 
and administration, write us for a free 
copy of the bulletin, St. John’s Bread 


Q. What other Botanicals does Meer 
process? 


A. Practically every botanical known 
and used by man. Additional members 
of the Meer product line include gum, 
drug extracts, and other products. 
Whatever your needs, you'll appreciate 
our painstaking quality control and 
our personalized service. 


Data on St. John’s Bread, including assay procedure, is available on request. 


MEER CORPORATION 


Warehouses at: 


318 W. 46 St., New York 36 + No. Bergen, N. J. « 325 W. Huron Street, Chicago 10, Ill. 


CANADA: P. N. Soden Division, Witco Chemical Co., Inc. « Toronto 18 + Montreal 22 


Achievement Awards for his part 
in sealing the American Meat In 
stitute Foundation’s laboratory 
process to control the fermentation 
of various meat products up to 
factory production levels and soly 
ing the 
stability and distribution. 


problems of packaging, 


L. Robert Strong has recently 
been appointed technical director 
of Diamond Crystal Salt Co. He 

was previously 
responsible for 
production su 
pervision and 
quality control 
at Kroger Com 
pany in Cinein 
Ohio, and 
prior to that 


nati, 


spent a vear and 
a half at the 
Food and 
tainer Institute as a member of 
the Army Quartermaster 
and a like tenure at American Can 
Co., Maywood, Ill. In his new post 
tion, Mr. Strong will be part of a 
sales team whose efforts cover bak 


L. R. Strong 


Con 


( ‘orps 


ing, canning, confectionery, dairy, 
feed mixing, meat packing, milling, 
tanning, textile, water conditioning 
and other industrial fields. A na 
tive of Grand Rapids, Mich., he 
graduated from Michigan State 
University in 1952 and received his 
master’s degree in food technology 


a vear later. 


Dr. Sidney D, Upham has re 
cently joined Marine Colloids, Ine.. 
as Vice President and Research 
Director, Dr. Upham holds an A.B 
in Chemistry 
from Clark Uni 
versity and a 
Ph.D. in Organ 
ie Chemistry 


from Oklahoma 
State Univer 
sity. For the 


past 20 years he 


has been cssoei 
ated with Amer 


ican 


S. D. Upham 
Cyanamid 


Company, the last five as Direetor 
of Product Research Laboratories. 
Agricultural Division. 
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VANILLA 


FLAVOR 


ALSO ASK ABOUT THE 
ORIGINAL VANILLA FLAVORS 
CREATED FOR: 


Cake Mixes ¢ Prepared Icings * Puddings * Cookie Mixes 
Beverage Powders * Desert Powders * Coatings * Toppings 
Candies * Syrups * Cremes 


SPECIAL PRODUCTS DIVISION 


ANILLA LABORATORIES, Inc. 


ROCHESTER, N.Y. 
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FOOD TECHNOLOGY, NOVEMBER, 1960 


The Norda Essential Oil and 
Chemical Company, Ine. an- 


EXPANSION NEWS 


nounces the ap- Mr. F. W.. Griffith, Executive 
pointment of Vice President of The Griffith 
Laboratories, Inc., has announced 
that Griffith has purchased Relco 
Specialties, Inc., manufacturer of 
bakery specialties, all the way from 
and 


Leo J. Amorosi 
as Director of 
The Essential 
Oil and Aromat- 
i¢ Divisions. Mr. 
Amorosi, a nha- 
tive New York- 
er, joined Norda 
L. J. Amorosi in 1944. in the East. 


maearoon erunch to flavors 


emulsions. Located at 855 Rahway 
Ave., Union, N. J., it is one of the 
most modern food industry plants 


DIRECTOR OF RESEARCH 


We are a national, multiplant food processing company 
with annual sales in excess of $200 million. We are seeking 
a director of our Research Department. This is a top level 
management position. 


The man selected will administer the corporate research 
program which includes responsibility for mew product develop- 
ment, process development and improvement, food and by- 
product research laboratories, coordination of research program 
with planning, marketing and production, coordination of re- 
search projects with universities and other independent research 
agencies. 

QUALIFICATIONS 


Minimum of 5 years experience as Director of Research 
with a business or research organization or in a large organiza- 
tion as the Assistant Director of the Research Department. 


Graduate work from a university or college of recognized 
standing (or the equivalent) with major study in Food Tech- 
nology, Chemical Engineering or related fields. 


LOCATION 


Medium-sized Midwestern City. A fine location to raise 
and educate a family. Ideal residential areas within ten minutes 
travel time to office. 


SALARY 


Starting salary upward from $18,000 depending upon qual- 
ifications. 


ALL REPLIES ACKNOWLEDGED CONFIDENTIALLY 


Box 815 
Institute of Food Technologists 
176 W. Adams Street, Chicago 3, Ill. 
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POSITIONS AVAILABLE 


Unless otherwise specified, particulars on 
the following positions may be obtained 
by writing, including the company name 
of your current employer: Executive Sec- 
retary, Institute of Food Technologists, 
176 West Adams Street, Chicago 3, IIli- 
nois. Request by box number. 


FOOD TECHNOLOGY, NOVEMBER, 1960 


WANTED: Experienced pickle man to 
assume responsibility for quality control 
and serve as Assistant Plant Manager 
Southeastern location. Established com 
pany. Reply should inelude education, 
age, experience and present salary. RE 


PLY BOX 817 


Food tec hnologist Midwest location. B.S 
in food technology or chemistry with 5-8 
years experience Considerable travel to 
assist eustomers with product applica 


tions. REPLY BOX P-633. 


KELLOGG COMPANY 
BATTLE CREEK, MICHIGAN 


HAS TWO EXCELLENT 
NEW POSITIONS 


Each involve challenging projects, 
good salary, benefits including Profit 
Sharing Plan. This consumer product 
company offers stability and oppor- 
tunity for progress. 


PHYSICAL CHEMIST, Ph.D. 


A recent graduate or a man with a 
few years’ experience. Opportunity 
for growth to a top research job in 
this leading Food Company. 


FOOD TECHNOLOGIST, 
Ph.D. 
Real challenging opportunity for 
growth. Prefer a recent graduate or 


a young man with a few years’ expe- 
rience. 


Confidential written or telephone in- 
quiries welcomed by Gordon E. Mor- 
rison, Personnel Department. 


KELLOGG COMPANY 
BATTLE CREEK, MICHIGAN 


AVAILABLE: Ph.D. Food Technology, 
1953: M.S. Food Tech., B.S. Dairy 
sacteriology. Married Age 37. Have 
worked in antibiotic research, frozen 
food production, Ag. Expt. Sta. research, 
and Technical Service to the canning in 
dustry. REPLY BOX 816. 


Development engineer Northeastern lo 
eation. 8. with 3 ) years experience in 
ig, particularly 
t operation, to 


t plant equy t studies solely 


in new development. REPLY BOX 


AVAILABLE: FLAVOR CHEMIST 
15 yrs. experience in esse ntial « ils, flavors 
and extracts for the Beverage, Baking, 
Candy, Tee Cream and Liquor Industries. 
Diversified experience—research, develop 
ment, production, quality control and cus 
tomer service. Metropolitan New York 
Area preferred. REPLY BOX 812. 


Food technician. Southwestern location. 


Food technology graduate or experience 
in eannery laboratory required, to do 
juality control work REPLY BOX 
P-635 


Flavor chemist. Midwest location. Abil 
ity to create and duplicate flavors most 
important for experienced person, prefer 
ably with degree. REPLY BOX P-603. 


Senior technologist Eastern location. 
Experienced analytical chemist with B.S. 
xv M.S. in chemistry and some bacteri 
logy, to be in charge of laboratory 


services engaged in chemical and micro 


ihysical analysis food roducts and 


ngredients. REPLY BOX P-636. 


Senior flavor chemist East coast loca 
tion. Ten years experience and B.S. in 
chemistry or equivalent, to create and 
improve flavor compounds in the essential 
oil field. REPLY BOX P-604 


Packaging technologist. West coast loca 
tion, Film experience and B.S. in related 
ield, to develop new packaging. Some 
ravel. REPLY BOX P-637. 


Flavor chemist. East coast location. Four 
years experience and B.S. in chemistry or 
equivalent, to create and improve flavor 
compounds in the essential oil field. RE 


PLY BOX P-605. 


Chemist Midwest ocation, B.S. in 
chemistry with 2-5 years industrial labo 
ratory experienc Varied chemical work, 
particularly analytical chemistry. Re 
search and production involved. REPLY 
BOX P-640. 


Food technologist. Eastern location. B.S 
degree and no experience required, to 
conduet researeh investigations for prod 
uct development. REPLY BOX P-606. 


Flavor chemist. Midwest location, Ex 
perienced compounder to aid in flavor de 
velopment and production. Organoleptic 
icuity essential. REPLY BOX P-641. 


FOOD TECHNOLOGIST 


Medium size food processing company in 
Western New York has opening for Food 
Technologist in product/process research 
and development. B.S. or M.S. level de 
gree. Salary according to training and 
experience, Excellent fringe benefit pro 
gram. Send detailed resumé to: BOX 
814. 


Chemist. Western location. College grad 
uate in chemistry with basic cereal grain 
experience, for evaluation, production 
control and final malt evaluation. Family 
man desired, Promotion to chief chemist 


possible. REPLY BOX P-610. 


Food technologist. Western location. B.S. 
in wd technology or chemistry, to de 
velop new product formulae and proe 
esses, analyze raw materials, and other 
varied duties. REPLY BOX P-650. 


FOOD TECHNOLOGISTS 


B.S. and Ph.D. openings for NUTRI 
TIONAL PRODUCT DEVELOPMENT. 
Food or Dairy Technologists, Food or 
Dairy Chemists, or Food Engineers for 
the development of product formulations 
to meet nutritional, taste, texture, and 
appearance requirements. 


0-8 years’ experience, New researeh 
positions with rapidly growing manufac 
turer of nutritional and pharmaceutical 
products. 


Liberal employee benefits, and relocation 
allowances. Please send resumé and 
salary requirements to: 
Technical Employment Manager 
Mead Johnson & Company 
Evansville 21, Indiana 


Research. food technologist. Eastern lo 
eation. 1-5 years experience with fats, 
oils, and emulsions. B.S. or M.S. re 
quired, to develop new products in oil 
emulsions and salad dressings. REPLY 
BOX P-638. 


TECHNICAL OPPORTUNITIES 
Expanding product line and plant expan 
sion has created a need for additional top 
level Research and Engineering personnel 
in Research and Development and Staff 
Engineering activities in Minneapolis. 


Technical Manager—Produet 
Development 

Basie responsibility for Research and De 
velopment techniques in the formulation 
of new produets and Improvement of cur 
rent products. Ph.D. or Masters degrees 
in Chemistry, Food Technology or related 
science is required. Research experiences 
necessary. Experience in foods preferre: 


Process Engine 
Provide engineering administration for 
food process equipment installations i1 
cluding preparation of capital appropr 
ations requests, requisitions, control of 
budgeted funds and supervision of i: 
stallation, design and drafting. Chemical 
Engineering graduate with control and it 
strumentation experience preferred. Five 
years experience desired. Food industry 
experience preferred. Contact: 
Cal Butler 
THE PILLSBURY COMPANY 
Minneapolis 2, Minnesota 


Jr. technologist. Eastern location. Bache 
lor’s degree and no experience required 
or performing laboratory experiments 
ind instructing others in routine lab 


Assistant technologist Eastern loeation. 
B.S. and 2-3 ve 3 experience, to conduet 
need laboratory experiments on pilot 


plant development. REPLY BOX P-654. 


Foe technologist. Eastern location. B.S. 

food technology or chemistry with 0-2 
V s experience in meat, cereal and bak 
ing, or canning, to develop applications 
of products to the food industry. RE 


Technical service representative. Mid 
west, south, or eastern location. B.S. with 
experience Ih packaging, processing, or 
eustomer service, to provide’ technical 


service oO users Of cou pressed gases. RE 
PLY BOX P-661 


Re s reh chemica enginecr Midwest lo 
cation. B.S. in chemical engineering, to- 
conduct pilot plant produet and process 
development studies. tEPLY BOX 
P-664 

Food technologist, bakery products. East 
coast location. B.S. in food technology or 
iilied selence and years experience, to 


iid in product development of prepared 
mixes. REPLY BOX P-668, 
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SITUATIONS WANTED 


Unless otherwise specified, particulars on 
the following individuals may be obtained 
by writing: Executive Secretary, Insti- 
tute of Food Technologists, 176 West 
Adams Street, Chicago 3, Illinois. Re- 
quest by box number. 


FOOD TECHNOLOGY, NOVEMBER, 1960 


Technical service in the dairy and meat 
industry interests young food technology 
graduate. Also interested in food inspec 
tion. Salary, $6,500. REPLY BOX A-43. 


Food technologist or lab technical posi 
tion dealing with juices or cereal prod 
ucts desired by graduate with major in 
agricultural chemistry. REPLY BOX 
A-1. 


graduate desires 
produets or 


Experienced chemistry 
position working with dairy 
Her position preference is prod 
research, and 


REPLY 


cookies, 
uct development, industry 
quality control. Salary, $8,000. 


BOX A-44. 


with B.S. in food tech 
position in product de 
velopment, production, technical 
technical service, packaging, or quality 
control. Salary, $8,000. REPLY BOX A-2. 


1950 
nology 


graduate 
desires 


sules, 


Young man desires position as food tech 
nologist in the fields of product develop 
ment, production, technical 
quality control. Salary $7,500. 


BOX A-47. 


service or 


REPLY 


Executive position in the beverage, baked 
goods or dairy field man ex 
perienced in those industries. Salary 


218,000, REPLY BOX A-50. 


desired by 


ENZYMES 
and ENZYME Products 
Lipase 


Enzyme Preparations from Calf, Kid Goat and 
lamb animal glandular sources. 


enzyme modified 
for rich, distinctive 


flavor development in milk chocolate and other 
chocolate products. 


Write for samples and literature 


DAIRYLAND FOOD LABORATORIES, INC. 
BOX 406, WAUKESHA, WISCONSIN, 


FOOD LABORATORIES Ine 


Reeent graduate with B.S. in food 
processing desires R&D position working 
with fruits or Product de 
velopment, production, or industry re 
seareh preferred. Salary, $6,500. REPLY 


BOX A-5. 


vegetables. 


Industrial research, product development 
or quality eontrol work with fruits and 
vegetables interests recent food tech- 
nology graduate. Salary, $6,000. REPLY 
BOX A-52. 


Experienced man desires quality control, 
product development, or production posi 
tion in the area of vegetables and fruits. 
Salary, $12,500. REPLY BOX A-8. 


Chemistry graduate with experience in 
fruit concentrates and drinks desires pro 
duetion, technical sales, technical service 
or quality control position. Salary, 


$13,000. REPLY BOX A-54. 


BIOLOGICAL SERVICES. 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological, 
Mycological! and Bacteriological 
Investigations 


United States Testing Co. 


1415 Park Ave., Hoboken, N. J 


1954 food technology graduate interested 
quality eontrol, research, or produce 
tion management position. Interest range 
service and pack 


REPLY BOX 


eovers technical 
Salary, 000, 


also 
uging. 
A-14. 


Plant management coneerned 
with production, technical sales or tech 
nical desired by individual with 
promotional experience. Salary, $10,000. 


REPLY BOX A-58. 


position 


service 


Young food technology graduate in 
terested in either technical sales position, 
development or technical 
toward management. 
fruit and vege 


REPLY BOX 


or produet 
service oriented 
Product 
tables. 
A-17. 


preference is 
Salary, 6,800. 


W. W. II veteran desires product develop 
ment or packaging development 
tion, preferably working with beverages. 
Salary, $9,000. REPLY BOX A-60 


posi 


FOOD TECHNOLOGISTS 
An active, confidential service: Interview 
at your convenience. Call, write or wire: 
John Spaulding (Consultant) 
Cadillac Associates, Inc. 
fhe Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, IL. 


Meats, fats and oils, and feed interest 
man who desires position as food chemist 
RE 


or food technologist. Salary, $7,500. 


PLY BOX A-20, 


1956 graduate with B.Se. in Home Eco 
interested in a 
food promotion 


REPLY BOX 


indieates she is 
development or 


Salary, 36,200. 


homies 
product 
position, 


A-25. 


W. W. IT veteran with five years experi 
ence in packaging seeking position in 
that field, purehasing, or engineering. 
Product preference is frozen foods. 
Salary, $9,000. REPLY BOX A-28, 


PROFESSIONAL DIRECTORY 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List 
SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Louis 8, Mo. JE. 1-5922 


LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
X Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWact & HARRISSON 
Walnut St. Philadelpmia 3. Pa. LO 39-4322 


Dw 1921 


Quality control with primary 
emphasis on frozen foods desired by 1955 
food technology graduate. Salary, $5,800. 


REPLY BOX A-30. 


position 


Cereal chemist graduate desires executive 
technical or managerial position. In 
terests are product development, produc 
tion, technical packaging, and 
quality control. $20,000. RE 


PLY BOX A-37. 


service, 
Salary, 


TRUESDAIL 
Laboratories, Inc. 


CHEMISTS ENGINEERS 
BACTERIOLOGISTS 
e- 
Member: American Counci! of Independent Laboratories 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consu!tation 


Write for Price Schedule 
P. 0. Box 2217, Madison |}, Wis 


Young food technology graduate desires 
technical sales and service position in the 


food industry. REPLY BOX A-40. 
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Maurice Avenue at 58th Street 
Maspeth 78, New York City 


BERNARD L.OSER, PH.0., PRESIDENT AND DIRECTOR 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories hos been 
a leading laboratory and technical service 
to the food and beverage industries 
We offer thorough, expert advice on food 
problems of ali types, analyses, flavor 
evaluations, product development, ond le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send you our brochure? 

SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1100 Cable: Swoknip 
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Born to the purple... Beckman’s new, low-cost UV. The DB* is a double-beam 
ultraviolet spectrophotometer for either automatic recording or direct-reading manual 
operation...at a price every laboratory can now afford. It complements the distinguished 
Beckman line of UV spectrophotometers, the DU® and DK providing exceptional resolu- 
tion with additional measurement versatility through attachments for flame photometry, 


etc. The new DB covers a wide wavelength range from 220 to 770 mu, features simplicity of 
operation and programmed or manual slit systems for optimum resolution; stray radiation 
is less than 0.5% at 220 mu, photometric repeatability is + 0.01 absorbance units at 0.400 
absorbance. ™ A new accessory, the Beckman Potentiometric Laboratory Recorder adapts 
the DB for true %T recording, differential analyses, and reaction-rate studies. The versatile 
recorder also is ideal for use with pH meters or other laboratory instruments.“ Ask your 
Beckman Laboratory apparatus dealer for additional information about the new, low-cost 


DB and recorder, or write for Data File 84-11-05 Beckman’ 
Process 


Scientine ant lh struments Division 


illerton, California 
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Norda fixes “FLATS” 


Flat flavors, that is. One that’s giving you trouble, 
perhaps. Norda's skill with putting life into flavors 
seems almost unique. 


The secret, of course, is in Nature. Norda goes to 
extremes to fill out Nature's exact measurements— 
always improving techniques for rounding a flavor to 
perfection. 


Care to compare? A Norda sample will teil. 


Flavor it with a Favorite—from Norda, 


Samples, free, by sending your business letterhead to 


NORDA, 601 W. 26th St., New York 1, N. Y. * Chicago * Los Angeles * San Francisco * Toronto * Montreal * Havana* London * Paris * Grasse * Mexico City 
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